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INTRODUCTION. 



This small volume is intended, as its title page imports, partly 
as a Manual for the scientific man, to aid him in his researches, 
when, from his distance from home, or other circumstances, he 
is precluded from having access to more extended and elaborate 
vf orks ; and partly as a convenient appendage to the table of 
the general reader, for purposes of occasional reference ; while 
to the Student it will supply the place of a syllabus, and fur- 
nish him with formulae for the solution of problems in many 
useful branches of mixed Mathematics. 

With respect to its plan, the reader, on turning to any 
article, will usually find entered first the Propositions or 
Formulae applicable to it, illustrated, if necessary, by ex- 
amples; to which are appended, such practical results and 
tables as the subject appeared to require, or the limits of the 
book to admit of. 

The Propositions are very rarely accompanied by proofs ; nor 
is any explanation given of the various terms employed, further 
than what is necessary to a due understanding of the several 
symbols introduced. The book professing merely to supply a 
combination oi/acfs, calculated to aid the memory, or exercise 
the ingenuity, of the reader,, any attempt at elementary instruc- 
tion would have been altogether inconsistent with its scope and 
principle. 

Most of the articles have been compiled and abridged from 
original sources, as will appear from referring to their several 
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heads, where the names of the respective writers, from whom 
the extracts have been made, are usually inserted; and par- 
ticular care has been taken throughout to admit nothing of a 
practical nature which has not been sanctioned by unexcep- 
tionable authorities : at all events, since, in every case which 
admits not of rigid demonstration, the authority has been most 
scrupulously quoted, the intelligent reader will at once be able 
to judge what degree of confidence it is entitled to. 

The small Tables of Logarithms will probably be considered 
a valuable addition : by the help of these, any one, having the 
proper data, may exhibit arithmetically such formulas as require 
a logarithmic computation with sufficient accuracy for all tem- 
porary purposes. 

Some subjects, which, from their practical utility, might seem 
to claim a place in this Synopsis, have, in cases where long 
verbal descriptions or an expensive apparatus of plates were 
necessary for their illustration, been purposely omitted; it 
having been a leading object in the compilation to confine the 
volume within such limits as might render it conveniently 
portable. Other omissions doubtless there are, which may 
have proceeded from inadvertence, or a want of judgment in 
the selection ; but these last will not, it is hoped, be found 
very considerable, either in point of number or importance. 

To typographical accuracy every possible attention has been 
paid ; without that, a book of this kind would be worse than 
useless. 
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ABERRATION of LigU.-'C Woodhouse, Vince.) 

1. If two lines be drawn froift the earth, one in the direction of its mo 
tioD, which will be a tangent to its orbit, and the other through the star^ 
the angle they form is called the ^ of the earth's way j and the aberra- 
tion will wholly take place in the plane passing through tliese two lines ; 
which is /• called l^e plane of aberration. 

2. The greatest effect of aberration = 20". 232, or in roimd numbers 
20'' ; and generally the t^rration in its own plane = 20" x sin. of the 
/ of the earth's way. 

The velocity of the earth : the velocity of light : : sin. 20" : rad. : : 1 ; 
103^4. 

3. This aberration will affect the apparent position of the stars both 
in latitude, and longitude i declination, and right ascension. Hence the 
foUowing Formulss :•— 

Aberration in lAitiiude. 

Aberrat in lat = o, when the earth is in syeygy with ^he star. 

In any other position of the eartii, aberration in lat is 

20" X siO' of earth's distance from syzygy X sin. star's- lat. 

Hence the aberratton In lat. is a max. when the earth is fn quadratures 
with the star, and then = 20" x sin. star's lat 

Aberration in Longitude^ 
Aberrat. in long. = o, when the earth is in quadratures with the star. 
1 A ? . 
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In any other position of the earth, aberration in longitude is 

20" X COS. earth's distance from syzygy 
COS. star's lat. 
Hence aberrat. in long, is a max. when the earth is in syzygy with 

20" 
the sur. and = ^^^^^^^^^^ - 

Aberration in Declination. 
Aberration in declination = o, when tang, earth's dist. from syzygy 
_ t an, position 
~ sin. star's lat ' 

In any other position of the earth, let tf = dist of the earth, at the time 
of observation, from the position it had when aberrat in declin. = o, D 
= earth's dist ii'om syzygy at the same time, found by the last Ar- 
tide, then aberrat in declination is 

20^' X »in. d x sin, position 
8in.D 

Hence aberration In declination is a max", when d = 90^. and then 

_ 2»^ X sin, position . 
"" sin. D 

Aberration in Right Anenrion. 
Aberration in right ascension = o, when the tuig. earth's dietance from 

^^'^^ sin. star's lat 

In any other position of the earth, \etd= dist of tiie earth, at the time 
of observation, fron^ the position it had when aberration in light ascen- 
sion = o, D = earth's distance from syzygy at the same time, found 
by last Art. ; then aberrat in right ascension is 

20" ^- ^ X COB, position 
COS. ded. X sin* D 

Hence aberrat. in right ascension is a max. when d — 90*, and = 

COS. dec. X sin. D' 

4 The following are tiie Frntnulse given by M. CagnoU, in his Trigo- 
nometry, as being the most convenient for practice, and from which M. 
de Lambre haa computed Ids Tables on Aberration.— ^See Vince % Play- 
fair.) 

If L be the longitude of the snn at any time, and 1/ the longitude (tf a 
star, the aberration of the star in lat is 

20". 2S« X sin. (1/ — L) X sin- lat. 
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And the aberration in longitude is 

cois. lat. 
If A be the right ascension, and D the declination of a star, L being 
the son's longitude a« before, the aberration in decUnati<m is 

.cin. D ( 19". 17 sin. (A— L) — o". 83 sin. (A + L)) — 8" cos.I.X cos, D. 

And the aberration in right ascension is 

\»' 17 X cos. (A — L) — o". 83 X COS. (A -I- L) 
"^ cos. D 

From these four last Formulas all the effects of aberration may be 
imputed* 

5. In consequence of tfie iU>erration of light, the apparent place of a 
star wUl trace out upon a plane parallel to the ecliptic a circle, in M^hich 
the true place of the star is similar to that oi the sim in the circle des- 
cribed on the axis m^jor of the eartii's orbit as a diameter. 

Ttiis cirde, pT<]|iec^4 upon the plaiM of vision, is an dlipse, the i ax. 
ma^. = 20" 2 32, and | ax. rain. = 80" 2 3 2 x sin. star's lat Hence a star 
in the pole of tlie ecliptic describes a circle, and a star in the ecliptic a 
straight line. 

6L To make allowance for the aberration of a planet, let T be the in- 
stant for which the geocentric place is to be computed, t = time light 
takes to move from the planet to the earth. Compute its geocentric 
place by the common rules for the time T — ^, and it will be its geocen- 
tric place at the time T, corrected for aberration. 

The aberration of the sun in longitude always = 20", that being the 
space moved through by the sun or earth in 8'. 7^", which is the time iu 
which light passes from the sun to tiie earth. 

7. Aberratic Curoe.-^CWrighVs »ol. Camh. Proh.) 
Let^ andp denote the rad. vect and perpendicular upon the tangent 
4»f the given orbit ; y and pf the corresponding ones to the aberratic 
vcurre. Also let c = twice area described dat. tem. ; then 

^ P 
These two equations will give the equation to the aberratic curve, 

Ex. 1. Let the given orbit be a parabola ; then p« = -~- (L — lat 

r,ct) .-. y = ;! = ;% = J y^, .-. ,y ^-jj W, but ;. = 

3 
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~— is an equation to the circle when the centre of the polar coordinates 

is in the circumference (see Circle Equation toj^ .: the aberratic curve w a 

J, ■ 2c 
circle, whose rao. is -r—. 

2. Let the orbit be an ellipse, whose equation is p« = g^_ ; Then 

that the aberratae curve (see Circle Eqwdion toj ia a. drcle, whose ra- 
aius is -^, and the distance of whose centre from the centre of coor- 

dinates is — V a«— 6^. 

3. Let the orbit be the log. spiral, whose equadon is p = » y, then y 

_ £ _ £m _ £w __ ^ . p, _ »I . ^.^ the aberratic curve is also 
P P £. '^* '^ »»' 

p' 
a log. spiral. 

ABERRATION in Optics.-'CCoddington.J 
I. AberreUum in reflection at gphericai mrfaces. 

Let EQ = y, Ey = J', 
EF = /, AN= « 
and the point v in the figure being 

the actual intersection of the re- T v i ^^ — - * 

fleeted ray and axis, let E » = y% A|N FV <J Ji. 

t,,en,^ = ^-^4-(f!|^ + 
9"/^ , fee 

This in geometrici^ terms is equivalent to 

„ ^ QE« AN . QES AN« . ,_ 

. . , .^j . QE» AN . CE» 
& .'. 9^ — ^, or aberration m longitude, is -Qpf -^ 4- "ofT' 

aN* 

. . &c. or, because v is smaU, is 

4 E F 

QE« AN . QE^ AI nearly. 
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Cor. "When Q E and Q F arc given, wbenation varies m A N varies as 
RN* nearly. 

The f^Uowing Miies for aberration is a little different from the pre- 
ceding i bat amounts nearly to the same thing ; putting 6 =^ Z. R E A. 

Aberrat = ^_g^/(8ec fi - 1) - ^^-^ /« (sec. fl- 1)» + &c. 

Cor. When liie incident rays are parallel, aberration = J A T . 

IL Aberration in reffxutum at spliericalsurfixces. 

Let A & A' be the perpendicular distances of Q and q from the refract- 
ing surface, tn the ratio of the sine of incidence ': sine of refraction, « := 
v«r. aia. A X (aee preceding figure j) then 

Aberrat = ( A' — r)« ^-^i i;-) o 

or = (A'-r> X -^ (-^ - -j r. 

& is .*. positive, if A be l^ss than (m 4- I) r, & negative when A is above 
that value. When A = (m + 1} r, there is no aberration. 

When the inddent rays are parallel, or -— = o, this reduces to 

— - — 2i *' » or if F be the principal focal distance, it is 

(F- r)« 

III. Aberration in a lent. 

We may consider this as consisting of two parts :— 

(1.) The variation in the second focal distance arising from Uic aberra- 
tion in the first (».) 

(2.) The additional aberration in .the refraction at the second surface 
03). 

Let A" be the distance of the focus after the 2d refraction, the re«jt as 
before ;'t^en 

For the 2d part we must alter our formula, by putting — for m, V for 
r, A' for A, A" for A', f tor r; 

p — >* ' ' \tnA' A" / 
5 A2 
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The whole aberration is therefore 

The aberration for a particular value of A varies as v, or as the square 
of the radius of the aperture nearly. 

Let US examine what kinds of value the aberratiou in a lens assumes 
in different cases. 

(1.) For the mei^cus or concavo-convex lens, {r&r' being both posi- 
tive.) 

The aberration 

(2.) For the double concave lens r' is negative, 

A=J«. I?- (^'--)» (I - j,)+t^"+''>(jsr.- h-)]'- 

(a) For the double convex lens r is negative. 

To find the least circle of aberration into which all the homogeneal 
rays of the same pendl, refracted by a lens, are colle<^ed. 

Let a = I aperture of the lens, &p distance of the point where the 
extreme ray cuts the axis from the focus of refra^cted rays, c ::p distance 
of the same point from the lens, x = rad. of the least cirde of aberra- 
tion, then 

axb 
X = -~ — 
4 e 

Cor. If the focal length of the refractor, and the focus of incidence be 
given, e is given and x varies as a d varies as cfl ; and on the same sup- 
position the area of the least circle of aberration varies as a*. 

ACCELERATION of Falling Bodies,^-See Motion. 

ACCELERATION of Stars on Mean Solar Time,'^ee Time^ 

ACCELERATION of the Mooru^See Mom. 

ADHESION, a term chiefly used to denote tlie force, with which the 
surface of a solid remains attached to the surfoce of a liquid, after they 
have been brought into contact 

In the year 1773, Guyton-Morveau ascertidned experimentally the 
force of adhesion of eleven different metals to mercury. The surface of 
oach metal was an inch (French) in diameter and polished. The follow- 
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ing Table exhibits the weight in French griuns necessary to separate 

each metal from the mercury. 

^oid «. 416 Zinc ...........m***«**m 201 

^ver 429 Copper 142 

Tlu ••...u.M.M.*.*...* 418 Antimony m...m..... 126 

Jjgba •*..... .M....H. mi. ^fi iron ..................... 115 

Platinum S82 

£R AS, list (tf the most remarkable :— Julian 

Period. B.C. 
Creation of the world 706 4007 

Deluge !......... 23^ 2351 

Olympiads of the Greeks 3987 776 

Rome built, or Roman sera ..» .» 9961 752 

JEra of Nabonassar of Chaldsens and E^ryptians 3967 746 

Death of Alexander ^ ».. 4390 323 

iEraoftheSeleacidie m..... 4401 312 

First of Julius CsBsar 4660 44 

Vulgar an-a of Christ's birth » 4713 A. C. 

Hegira, Mahometan sera ...................»..•..•......* 5335 622 

Yesdegird, P^*8ian sera •.•••M*M..t*M.t.*»ft*M...*tM.* 5344 631 

-SERONAUTICS. 

To calculate the height to which a balloon will ascend, nnler given 
drcimistances.— ^ Wrighft solut. Camb. Prab.) 

Let W = weight of the balloon, and all its appendages in ounces, D 
= density of mercury at tiie time, I the spec gray, of the atmosphere at 

the surface of the earth, when the barometer stands at b feet, and — that 

n 

of the gas ; cs the capacity of the balloon in cubic feet, x = height to 
which it wiU ascend in feet; then 

bJy , nltfl 

' = — X log. ^w-t-gc» • 

C<rr. If the gas be hydrogen or » = 1 3, 6 = 30 inches = \ feet, D = 
14019 (density of water being 1000), and 2 = I, then 

X = 12057 X log. -gg^-:p5^. 

Ex. Given W = 20 stone, and the other elements as in the Cor. to de- 
termine the magnitude of the balloon necessary just to lift that weight 
from the ground. 

78 c» 
65 X4480 + 6C3 
/. c^ = 4011 cubic feet. 



Here a; = o, ,*, ^^ .. ^^o/^ . ^ - z i ~ 1 
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^Iwrt hi0tori<!al notice :— 

October 15, 1788* M. Filatre de Rosier was the ilrst person who erer 
ascended in a balloon ; It was inflated with heated air. He periled in a 
subsequent ascent, being the first who did so. 

December 1st, 1783L M. M. Roberts and ChaileB first ascended with an 
hydrogen gas balloon. 

September 15th, ITS! The first aerial voyage in England performed 
by Lunardi. 

Jaa.l,n9&. M.BIanchard and DrJeflEkies passed from Dorer to Calais. 

Angust, 1785. Blanchard in one of his excursions from Lisle, traver- 
sed a distance of more than 300 miles without halting. 

Sept 21, 1802. Gamerin first descended in a parachute from London. 

September 15, ISOi Gay Lussac ascended from Paris forsdeatific 
purposes, and rose to tlie enormous Iieight oi 28,912 feet ; or 23,040, <*. e. 
more ttian 4| miles above the level of the sea ; being 1600 feet above the 
summit of the Andes ; the barometer sunk to 12,95 inches. Fr<Hn this 
last ascent two results were obtained; (1) that the intensity of the mag- 
netic power continues the same at all accessible distances from the earth's 
Surface : and (2) that the proportions of oxygen and nitrogen, which 
constitute the atmosphere, do not vary sendbly in the most extoided 
limits. 

AIR Atmotpheric^^ee Atmotphere. 

AIR Pvmp.'^See Pwnp. 

ANGULAR Veloci^.'^See Central Force*. 

ANIMAL Strength,^ PJa^fidr.) 

1. The strength of men, and of all animals, is most powerful when di. 
rected against a resistance that is at rest : when the resistance is over- 
oome, and when the animal is in motion, its force is diminished ; lastiy, 
witii a certain velocity the animal ciai do bo work, and can only keep 
up the motion of its own body. 

2. A formula, having the three properties just mentioned, will afford 
an i^proximation to the law of animal force. Let P be the weight which 
the animal exerting itself to the utmost, oral a dto4|ni^ isjustableto 
overcome, W any other weight with which it is actually loaded, and v 
the velocity with which it moves when so loaded ; c the velocity at which 
the power of drawing or carrying a load entirely ceases ; then, till ex- 
perience has led to a more accurate result, we may suppose the strength 
of animals to follow the law expressed by the formula 
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This is Euler's Formula. 
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4::or. Hence the effect of animal force, or the quantity of work done 
ir\ a given time, will be proportional to W r, or to P o T 1 — — J , and 

e 4 P 

-virill be a majdmum when t; = —, and W = -^— , t. e. when t)ie animal 

moTes with one-third of the speed with which it is iU>le only to more it- 

4 
self, and is loaded with -^ of the grei^est load it is able to put in metion. 

9. The quantities P and e can only be determined by experien<^e. Eu- 
ler supposes that for the work of men, P may upon an average be taken 
= 601b, and c = 6 feet per second, or a little more than four miles an 
liour. 

4. A man, aocor^ng to this estimate, when working to the greatest 
advantage, should carry a load of 271b, and walk at the rate of two feet 
In a second, or a mile and ime^tidrd an hour. 

5. A horse, according to Desagnliers, drawing a weight out of a well, 
oyer a pulley, can raise aOOlb. for eight hours together, at t^e rate of Si 
miles an hour. Suppodng in tids case the horse to work to the greatest 
advantage, P = 450, and e z= 0{ miles per hour. This estimate, however, 
seems to give too high a vidne to P. It will suit better withgeneral ex. 
perienoe to make P = 4S0 and c = 7. 

6. It appears from Cavallo, that a horse can draw 25 cwt on a level 
road in a cart weighing 10 cwt, with wheels six feet high. In a com- 
mon cart, two horses easily draw 90 cwt In a common waggon, six 
horses draw 80 cwt : in three carts they might draw 90 j in six, 150 cwt : 
and three carts cost less than a waggon. A horse drew three tons up a 
railway rising 7 inches in 141 : the draught was 327 pounds besides firic- 
tion.— ri'dwwi^'* Nat. Phil. J 

7. According to Coulomb*s experiments on this subject, if w bo tiio . 
weight of the mna's body, / an additional load, which he is made to car- 
ry, H tiie height to which he ascends in a given time, when walking 
feeely, and h the height to which he ascends in the same time with the 
load/; then 






Cor. I. When / = 2 tr, L = ft 

Cor. 2. The greatMt effect of a man's strength in raising a weightwill 
be, when the weight of the man is to that of his load asl : — 1 + V 3, or 
;iearly as 4 : 3. 
9 
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S. The foll«\vlng experiments by Peron, with R^roier's dyniHnonMter, 
•hew that the strength of men depends considerably on the climate. 

English ».,... 71,4 Van Diemen's Land 51,8 

French 09,3 New Holland 50,6 

Timor 58,7 (Ency. Brit. SuppU.) 

ANNUAL Equation.^See Moon. 

ANNUITIES. 

1. Annuitiet at Simple IrUerert. 

1. liet A be the annuity, r the interest of £L for one year, M tb^ 
amount of the annuity for n years, then 

M = n A + n. *T . r A, 

2. Let P be the present valpe of 99 annuity to continue for n year^ j 
the rest as before, then 

nA + n. 2L^zl. r A. 

P = I 

I -^nr 

In these Equations Any one of the qifanlities may be found, tlfe reat be- 

ing given. 

Atmwtiei at Compound Jnt^r^t. 

X Let R = £1. and its interest for one year, the reft at b«£or», then 

R** — 1 

I. ±. 

R»* 

If the No. of years be infinite, 

A 



P = 



R-l* 
which gives the value of a freehold estate, A being the annual rent 

4. The present value of ^ annuity to commence at the ezpiratlan of p 
years, and to contipjue g years, is the diflference between its present value 
for j9 4. 9 years, and its present value forp years. 



or 



^"( RP ""RP+V^a-i" 



If the annuity, instead of being payable anfmally, he made payable 
lialf-yearly, quarterly, or at any other given intervfd, the above formu- 
la are still applicable, by calling R £1. and it» interact for^thf gijap ift- 
t«rva], and « the ttiunber of those interval^. 

10 
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TABLE L 
ShovHng the ammmt of art Awnuitv of &\. for any mmtber ofmar*^ not 
exceeainrfifty i and far the tUffereiU rates of $nterett _fromS to Gper 
Cent.^Encyc. Metrop.) 



TT 


3 


^% 


4 


4^ 


5 


6 


1 


percent. 


percent 


percent 


percent. 


percent 


percent 


l-OOOOO 


i.poooo 

2-03500 


100000 


100000 


1-00000 


l^OOOOO 


2 


2-UIUOO 


2-O400O 


204500 


205000 


206000 ' 


3 


3-OO0OO 


3-10682 


3-12160 


3-13702 


3-15860 


3-lR3f50 


4 


418362 


4-21404 


4-24646 
5-41632 


427819 


4-31012 


4«7461 


5 


5-30013 


5*36246 


547070 


b^^mm 


503709 


6 


6-46B40 


6-55015 


6*63907 


6716B0 


680191 


6-97581 


7 


7-66246 


7-77W0 


789^^ 


801915 


814800 


8-39383 


8 


S-BS^^ 


0-05108 


921428 


91!ftlU91 


9-54010 


989746 


9 


10-15010 


10-36840 


10-58279 


1080211 


1102656 


11-49131 


10 


lli46»7 


1173139 


12-00610 


1228820 


12-57780 


13i8079 


11 


la-wmo 


1314199 


1348635 


13-84117 


1420678 


14«7164 


18 


14^9808 


14-60196 


15-02580 


15.46403 


1591712 


1686991 


13 


15-617T9 


16-^303 


16-JS26R3 


mfl091 


1771298 


1888213 


14 


17<»632 


17.67698 


1829191 


18«3210 


19-59868 


2101506 


15 


iS-SflJWl 


10-29568 


20-02358 


2078405 


21-57856 


23-27696 


16 


20-J5098 


20-97102 


2182453 


2271933 


2305740 


2567852 


17 


£1-76158 


2270501 


2869751 


2474170 


2584096 


2821287 


18 


83^1443 


24-49969 


2564511 


2685568 


28-13288 


3090565 


19 


25-11686 


26-8*718 


2767122 


29-06356 


30-53900 


3375899 


20 


26-8W37 


2B27968 


29-77807 


31'S7148 


33-06595 


3678659 


21 


2867648 


30-26947 


31-90920 


8378313 


3571985 


39'99272 


92 


30-53678 


32-32890 


3424796 


36-36837 


38-50581 


43-39229 


23 


32-45888 


34-46041 


3661,788 


3893702 


41-48017 


46-996^ 


24 


34-42647 


3666652 


39-06860 


4168919 


44-5(»99 


5081557 


25 


36-45926 


38-94085 


4161500 


44-56521 


4772709 


5186451 


26 


38-55304 


41-31310 


44^1174 


47-57665 


51-11345 


59-15688 


27 


4070063 


4375006 


4708421 


5071182 


5466912 


637^0676 


S8 


42-93092 


4629062 


40-06758 


53^9333 


58-40256 


68-52811 


20 


4521885 


48-91079 


52«6fl28 


5748903 


62-88871 


73-63979 


30 


47-57541 


5161i>267 


5608468 


6106706 


66-48884 


79-05818 


31 


5000267 


54-42947 


59^ttR33 


6475288 


7076078 


8180167 


33 


52-50275 


57-33460 


6270146 


6866084 


75-2WW2 


90-8R977 


33 


5507784 


6034121 


66-20052 


7276880 


80.06377 


97-34316 


34 


57-73017 


6346315 


698W90 


7708085 


85-00695 


101-18875 


35 


6046201 


66*7401 


73-65822 


8140061 


00-32090 


111-43*77 


36 


63-27604 


70-00760 


77-5WW1 


8616396 


95896^ 


119-18006 


37 


66-17422 


73'4«786 


81-70224 


91-0U34 


10162813 


127-26811 


38 


6915044 


77.02889 


8597033 


96-13820 


107-70954 


1351-90480 


. 39 


72.2&I8S 


8072490 


90-46014 


101-46448 


114-09502 


145-0S845 


40 


75.40185. 


84-56(»7 


95-02551 


107-03082 


12079977 


1647^6196 


41 


TS-OfWW 


88-50S53 


90-88653 


112*84668 


127-88076 


165-04768 


4e 


02-02319 


92'60737 


104-81050 


118-98478 


13523175 


175-95064 


« 


85-46S80 


96i84862 


110-01838 


12527640 


142-99883 


187-50757 


44 


89-04640 


101-2HHH3 


115-41887 


131-91384 


I51-I4S00 


19975808 


45 


02-71066 


10578167 


12106939 


138-84696 


15970015 


21274351 


46 


06-50145 


UO-4840B 


1268f7056 


146-09821 


168-6R516 


226-50818 


47 


100-30650 


115-35087 


182-94530 


153-97863 


178-11H8 


241-OHHHl 


48 


l04-4<»<« 


120-3HH25 


139-86320 


161-56700 


188-08689 


256-56462 


40 


106-54064 


125^184 


145-83378 


16985985 


198-40606 


272-958t0 


Li. 


112-79086 


130-99791 


158-60708 


178-50908 


8004«799 ISOO-SSKM) | 
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TABLE II, 

tr of ytBrt, tul tiofedingMii, and ai liigciv 
UBp*rcent—^Etuye.Me/rop-J 
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TABLE III. 
Showing the Annui^ that £1. vfittpurehcue for any mtmber ofyearst nof 
exeewingfifiy ; (U differentrates of mterett fromS to 6 per ce^-^C En- 
eye. Me^rep.) 



No. oil 
YearsJ 


3 

percent 


perCent. 


4 

perCent. 


percent. 


5 

perCent. 


6 
perCent. 


1 


1-03000 


1^03500 


1-04000 


1-04500 


1-05000 


l^OOOOO 


2 


•52261 


•52640 


•53019 


•53399 


•53780 


•54543 


3 


•ams 


•3:>603 


•36034 


•38977 


■96720 


•37410 


4 


•26902 


•27225 


•27549 


•27874 


•28201 


•28859 


5 


•21835 


•2*148 


-22462 


•22779 


•?3007 


•23739 


6 


•18469 


•18766 


•19076 


•19887 


•19701 


•20936 


7 


•16050 


•16354 


•16660 


•16070 


•17281 


•17913 


8 


•14245 


•14547 


•14852 


•1M60 


•15472 


•16103 


9 


•12843 


•13144 


•13449 


•13757 


•14089 


•14702 


10 


•11723 


•12024 


•12329 


•12637 


•12950 


•13586 


11 


•108O7 


•11109 


•11414 


•11724 


•12038 


•12679 


12 


•10046 


•10318 


•10655 


•10966 


•11282 


•11927 


13 


•09102 


•09706 


•10014 


•10327 


•10646 


•11296 


14 


•08852 


•09157 


-09466 


•00782 


.10102 


•10756 


15 


•oHine 


•08682 


\WWt* 


•09811 


•09634 


•10296 


16 


•07961 


•06268 


•06582 


.06901 


•00226 


•09895 


17 


•07305 


•07904 


•06219 


•Oft'Hl 


•0HH69 


•09544 


18 


. -07270 


•07581 


•07809 


-1)6223 


•08554 


•09235 


19 


-06081 


•07294 


-07613 


•07910 


•08274 


-mm 


20 


•06T81 


•07096 


•07258 


•07687 


•08024 


•08T18 


21 


-06487 


•06803 


•07128 


•07460 


•07799 


•06500 


22 


■06274 


.06503 


•08919 


•07254 


•07507 


•08904 


23 


-06081 


•06101 


•06730 


•07068 


.07413 


•t)8127 


24 


•05004 


•06227 


•06558 


•06806 


•07247 


•07987 


25 


•057te 


•06067 


•06401 


•06743 


•07005 


•07822 


26 


•05503 


•05920 


•06256 


•06G02 


•06B56 


•07690 


27 


•05456 


•09785 


•06123 


•06471 


•06829 


•(^569 


26 


• -058^9 


•05660 


^06001 


•06352 


•08712 


•07459 


29 


•05811 


•0)544 


•05887 


•06242 


•06604 


•07357 


SO 


•05101 


•05137 


•05783 


•06139 


•06505 


•07264 


31 


•04990 


•05837 


•05665 


•06014 


•08413 


•07179 


32 


•049M 


•05241 


•06504 


•05956 


•06S28 


•07100 


33 


•04815 


•05157 


•05510 


•05874 


•06240 


•07027 


34 


•04732 


•05075 


•05431 


•05796 


•06175 


•06959 


35 


•04653 


•04090 


•05857 


•05727 


•06107 


•06897 


36 


•01560 


•04928 


•05288 


•05660 


•06043 


•06839 


37 


•04511 


•04861 


•05223 


•05506 


•0606a 


•06785 


38 


•04445 


•04^798 


•05163 


•05540 


•05928 


•06735 


39 


•04384 


•04738 


•05106 


•05485 


•03876 


•06689 


40 


•01326 


•04662 


•05052 


•054^4 


•05827 


-06646 


41 


•04871 


•01629 


•05001 


•05386 


•OJVTffi 


•06605 


42 


D4210 


•01*79 


•04954 


•05340 


•05739 


•06563 


43 


•04169 


•04532 


•O1906 


•05296 


•05609 


•06533 


44 


•04122 


•04187 


•01866 


•05258 


•05661 


•06500 


46 


-04078 


•04446 


•04626 


•05820 


•65686 


•06470 


46 


•01096 


•OM05 


•04788 


•05184 


•05502 


•06441 


47 


•03996 


•04366 


•04752 


•051.50 


•05561 


•06414 


48 


•03957 


•O1S30 


•04718 


•05118 


•0.^531 


•06389 


49 


•03921 


•04296 


•04685 


•05088 


•05503 


1163(«6 


50 


•0S886 


•04863 


•04655 


•03060 


•05477 


•06»44 
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2. OfLifeAfmmties.^Wood.J 

1. To find the probability tiiat an individual of a given age will live 
any niunber of yean. 

Let A be the number in the tables of the given age, B, C, D X 

■n 

Che number left at 1, 2, 3 ...,..,.. t years j then — ia the probability that 

Q 

file individoal will live one year j -r- the probability that he will live 

X A— "B A— C A^X 

two years, -^ that he will live t years. Also — j — , — j — , — r — 

A A A A 

are flie probabilitieB that he will die in 1, 2, ^ years. 

2. To find the probability that two individuals P and Q, whose ages are 
known, will live a year. 

Let the probability that P will live a year, determined by the last Art. 

be — , and the probability that Q will live a year — ; then the probabi- 
lity that they will both be alive at tiie end of that time is . 

S. To find t^e probability that one of than at least will be alive at tlie 
end (^ any number of years. 

Let — be the probability tiiat P will live t years, and — the probabi. 
P 9 

lity that Q will lire the same time ; then the prob. that one of them at least 
win be aUve at the end of ^e time is 1 — ^LnL_l=JL or ^"*"^"^ - 

pg pq 

4. To find the j^esent value of an annuity of £1. to be continued dar. 
ing the life of an individual of a given age, allowing compound interest 
lor the moQey. 

Let r be the amount of £\. fbr one year ; A, B, C, &e. as in Art 1, 

1 /^B CD \ 

then the value required ^^ X ^ 1 T "^ "W "^ "r»* + *^^' I *** *** 

fend of tiie tables. 

De Moivre supposes that out of 96 persona bom, one dies ev<ery year, 
till they are extinct On tiiis supposition, the sum of the above series 
may be found thus. Let n be the number of years whidi any individttal 
%vants of 86 ; then will n be the number of persons livii^ of that age, aut 
of which one dies every year ; then the sum of the above series or the 

present value of the annuity is T'^Tni ~ (if P be 

14 
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the present value of an annuity of £h to continue certain for n years) 



n 



r— 1 

5. The present value of the annuity to continue for ever from the 

r P 
death of the proposed individual is 



«.r— .1 



6. To find the present value of an annuity of 41. to, be paid as long at 
two specified individuals are both living. 

FUid by Art 2. the probability that they will both be alive at the end 
1, 2, 3, &c. years to the end of the Tables, call these probabilities a, b, e, 

ke. and r the amount ci £1. in one year, then ~4.£..^£..^j^o. ig 
the present value of the annuity required. 

7. To find the present value of an annuity of 41. to be paid as long ag 
cither of two specified individuals is living. 

Find by Art. a the probability that they will not both be extinct in 1, 
9, 3, && years to the end of the tables, and call these probabilities A, B, 

ABC 
C, Sec, then the present value of the annuity is— 4-=^-f^-f&c. 
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TABLE I. 
Mean Standard Table of tJie DeeretnetUs of Life in Great Britain, 182k 
^{Dr Yoimg's Phil. Tram. l»26.J 



& 


S 2 


to 

o 


& 


si 


3 


• 


is 


p 


i 


X 9 


1 





gs 


3 


•< 


705 


a 


•< 


qs 


M 


< 


&^ 


a 


20531 


loooa 


30 


46527 


60 


938 


21810 


90 


161 


589 


1 


9106 


79472 


31 


712 


45822 


61 


912 


20872 


91 


130 


425 


2 


4780 


7036£ 


32 


719 


46nc 


62 


943 


19930 


92 


87 


295 


S 


2&^ 


6556e 


33 


T26 


44391 


63 


914 


18987 


93 


60 


208 


4 


1880 


62732 


34 


742 


43665 


64 


943 


18043 


94 


44 


148 


5 


1341 


60852 


35 


42931 


65 


942 


17100 


95 


31 


104 


6 


979 


59511 


36 


751 


4^189 


66 


939 


16158 


96 


19 


73 


7 


752 


58532 


37 


759 


41438 


67 


933 


15219 


97 


14 


54 


R 


603 


37780 


38 


768 


40679 


68 


926 


1428(i 


98 


9 


40 


9 


494 


^177 


39 


776 

785 


39911 


69 


915 


13360 


99 


6 


31 


10 


423 


56683 


40 


39135 


70 


903 


12445 


100 


6 


25 


11 


377 


56260 


41 


795 


38350 


71 


888 


11542 


101 


5 


19 


12 


349 


5588S 


4a 


804 


37555 


72 


871 


10654 


102 


5 


14 


13 


337 


55534 


43 


813 


36751 


TJ 


850 


9783 


103 


4 


9 


14 
15 


337 


55197 


44 


821 
831 


35938 


74 


826 


8933 


104 


2 


5 


347 




45 


35117 


75 


801 


8107 


105 


1 


3 


16 


381 


51513 


46 


HHH 


SI286 


76 


768 


7306 


106 


.25 


2 


17 


393 


54132 


47 


818 


33*47 


77 


733 


6538 


107 


.25 


1.75 


18 


422 




48 


8OT 


32509 


78 


697 


5805 


108 


.25 


1.50 


19 
20 


458 


53317 


49 


866 


31742 


79 


654 


5108 


109 


.25 


1.25 


497 


52859 


50 


874 


3087(1 


80 


610 


4454 


110 


.25 


1.0 


21 


bU) 


&23Si 


51 


882 


3000'i 


81 


559 


3844 


111 


.25 


.75 


22 


581 


51822 


52 


890 


2912C 


82 


513 


S^a") 


112 


.25 


.50 


23 


621 


51241 


53 


898 


28230 


83 


460 


2772 


113 


.25 


.25 


24 
25 


656 


50620 


54 


906 
913 


27335! 


84 


408 


2312 


114 

■ 








678 


49964 


55 


26126 


85 


357 


1904 


26 


682 


49286 


56 


917 


255K^ 


86 


307 


1547 








27 


687 


48604 


67 


923 


24596 


87 


258 


1240 








28 


692 


47917 


58 


929 


236TJ 


88 


215 


982 








29 


698 


472251 59 


934 


22741 


89 


178 


767 


na^ 







Dr Young's formula expressing the decrement of human life is 

« 1 
y=308+10 4r — ll(l56 + 2<»x — x«)« H 






5. 5g 
4000 



.M 



285 + 2.05:ra4.2 (-^) 

number of deaths among 100000 persons, in the year that completes the 
age x.\y=z 368 4. 10 4r may be employed as sufficiently correct for the 
middle portion of life, being certainly much nearer to the truth than De- 

100000 
moivre's hypoUiesis, who makes y = — -^ — =1163 throughout life. 
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TABLE II. 
Showing the talue of an AttmUfy on asinglelife tdovery cwtf, deduced 
from the observations ptade at NorikempUm.'—C Encye, Metrop.) 



« 

Si 


4 


5 


6 




4 


5 


6 1 


1 


per Cent 


per Cent 


per Cent 


^ 


per Cent. 


p«rCent 


per Cetitl 


13*465 


11-563 


10-H)7 


40 


11-475 


10-448 


9iW3 


t 


16-633 


13-480 


11-724 


50 


11-231 


10-269 


0-417 


3 


16-462 


14135 


]8'S48 


51 


110^ 


I0t)97 


0-273 


4 


17-010 


14-613 


12^69 


62 


10-840 


9-925 


0-123 


6 


17-248 


14-&i6 


12-962 


53 


10-637 


9748 


8-960 


6 


17-482 


15-041 


13156 


54 


10421 


9^567 


8«21 


7 


17-611 


15166 


13-276 


55 


10-201 


4-382 


9-670 


8 


n-em 


15-226 


13-337 


56 


0-977 


9-193 


8-509 





17«25 


15-2M) 


18-335 


57 


0740 


8-999 


8-343 


H) 


17-623 


15-139 


18-286 


68 


0-516 


8-801 


8-173 


U 


17-893 


15-013 


13-212 


60 


0-280 


8'509 


7«99 


IS 


17-851 


14^87 


13-130 


00 


0-039 


8-392 


7«23 


IS 


17-108 


14-8S6 


13-044 


61 


8795 


8-181 


7«3J 


14 


16-050 


14-710 


12iK« 


68 


8-547 


7-966 


7440 


15 


16-791 


14-588 


12«7 


OS 


8-291 


7-742 


7*258 


16 


16-025 


14460 


12755 


64 


8-030 


7-514 


6-05e 


17 


16^^ 


14-38* 


12-655 


65 


7761 


7.276 


6-8a 


18 


]6'909 


14-217 


12-562 


60 


7-488 


7-034 


6^62( 


10 


16107 


14108 


12-477 


(Th 


7-211 


6787 


6-401 


90 


16-033 


14-007 


12-368 


68 


6-930 


6-53« 


6-170 


21 


15-912 


13-017 


12329 


60 


6-647 


0-281 


5-943 


is 


16-797 


13-883 


12-266 


70 


6-361 


6023 


5-716 


» 


15-680 


13746 


12-200 


71 


6-075 


5-764 


5-473 


34 


15-5G0 


13-668 


12132 


72 


5790 


6-501. 


6i84d 


f5 


15438 


18-567 


12-063 


73 


6-507 


5245 


5-004 


16 


15-312 


18-473 


11-992 


74 


6-230 


4-990 


4796 


t7 


15184 


13-977 


11-917 


75 


4-962 


4744 


4-54e 


ft 


15-053 


13-278 


11-811 


76 


4710 


4-511 


4-326 


99 


14-918 


13177 


11-763 


77 


44^ 


4-277 


4-100 


30 


14-781 


13-072 


11-682 


78 


4-197 


4-035 


3-884 


SI 


14-639 


12-965 


11-606 


79 


3«W 


3776 


3^641 


» 


14495 


12«6I 


11 -512 


80 


3-643 


3-515 


3-394 


33 


14-347 


12-740 


11-483 


81 


a377 


3^263 


3-156 


34 


14195 


I21K3 


11-SSl 


82 


3122 


8^026 


2-926 


35 


14-039 


12-602 


11-236 


83 


2-887 


a-797 


2718 


36 


13-889 


12-377 


11-197 


84 


27«8 


2-ffi7 


8-551 


37 


13-716 


12-919 


11-0S5 


85 


2-513 


a-471 


2402 


38 


13-548 


12-116 


10-929 


86 


2-383 


2-328 


8-266 


39 


13-375 


11-979 


10«]9 


87 


. 2-251 


2193 


2138 


40 


13-197 


11-8B7 


10-705 


SB 


^ 2I8I 


2-080 


2-09 


41 


13-018 


11-695 


10-689 


89 


1.967 


1-924 


i^ae 


42 


12-838 


11-551 


10-473 


90 


1758 


1-723 
14^ 


1-689 


^ 


12-657 


11-407 


10-356 


91 


1474 


14« 


44 


12-472 


11-258 


10-235 


02 


1-171 


1163 


1138 


45 


12-283 


11 '105 


10.110 


93 


-827 


-816 


-816 


46 


12-089 


100*7 


9-980 


94 


•530 


•524 


•518 


47 


11-890 


10-784 


9-846 


95 


-240 


-238 


•236 


48 


11^686 


M«M 


9-707 


96 


-900 


-000 


•600 
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^, . ^^ TABLE III. 

S>timxfmg the vaius of an AnmeUy on two joint lives, deduced from observa- 

ttorumade at Northampton^ the difference of age» being 5 years.— f En- 

CyCt Metroptj 



Ages. 


4 
per Cent. 


5 

per Cent 


Ages. 


4 
per Cent 


5 
per Cent 


1-6 


10-741 


9-479 


47-52 


8147 


7-582 


2- 7 


12-581 


11-100 


48-53 


7-965 


7-424 


3. 8 


13-319 


11-755 


49.54 


7-780 


7-262 


4^ 9 


13-775 


12165 


50-55 


7-603 


7-098 


5-10 


13-933 


12-315 


51-56 


7-409 


6-996 


6-11 


14-068 


12-447 


62.ff7 


7^25 


6-774 


7-12 


14111 


12-498 


53-58 


7-039 


6609 


8.13 


14-089 


12-492 


54-59 


6-850 


6-442 


9-14 


13-992 


12-421 


55-60 


6659 


6-272 


10-15 


13-841 


12-302 


56-61 


6-465 


6-100 


11-16 


13-6W 


12158 


57-63 


6-270 


5-925 


12-17 


13-480 


12-009 


58-63 


6-070 


5-744 


13-18 


13-303 


11-864 


59-64 


5-867 


5-561 


14-19 


13130 


11-723 


60-65 


5-658 


6-372 


15-20 


12-961 


11-585 


61-66 


5-447 


5-180 


l&Sl 


12-799 


11-452 


62-67 


5-285 


, 4-966 


17-22 


12-646 


11-327 


63-68 


6-017 


4-796 


18-23 


12-500 


11-209 


64-60 


4-798 


4-585 


19-24 


12-361 


11-096 


65-70 


4-573 


4-378 


20-25 


12-229 


10-989 


66-71 


4-310 


4-169 


21-26 


12105 


10-890 


67-72 


4-124 


3-960 


22-27 


11-987 


10-796 


68-73 


3-901 


3-752 


23-28 


11-868 


10699 


69-74 


3-683 


3-547 


24-29 


nim 


10600 


70.75 


3-4^1 


3-347 


25-30 


11618 


10-499 


71-76 


3-270 


3159 


26-31 


11-489 


10-396 


72-77 


3-070 


2-971 


27-38 


11-359 


10-289 


73-78 


2-869 


2-780 


28-33 


U-225 


10-181 


74-79 


2'6.')0 


2-580 


29-34 


11-088 


10-069 


75-80 


2-448 


2-381 


3055 


10-948 


9-954 


76-81 


2-258 


2195 


31-36 


10-805 


9-837 


77-82 


2-077 


2^13 


32-37 


10659 


9-716 


78.83 


1-899 


1-838 


33-38 


10-506 


9-591 


79-84 


1-751 


1-750 


34-39 


10-354 


9-463 


80-85 


1-608 


1-573 


35-40 


10196 


9-331 


81-86 


1-478 


r+47 


36-41 


10-037 


9-196 


ffi.87 


1-356 


1-329 


37-43 


9-877 


9-062 


83-88 


1-2S9 


1-235 


38-43 


9-716 


8-927 


84.89 


1164 


1-145 


3gL44 


9-550 


8-787 


85-90 


1-054 


1038 


40-4& 


g-381 


8-613 


86-91 


-902 


-892 


41.46 


9-210 


8-497 


87-92 


•738 


-TSt 


42-47 


9-037 


8-350 


88-93 


.554 


•5*7 


43-48 


8-862 


8-200 


89-94 


•373 


•369 


44w49 


8-683 


8046 


90.95 


•177 


•175 1 


46-50 


8-503 


7-891 


91-96 


•000 


•000 1 


46-51 


8-326 


7-737 






.. ., 
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TABLE IV. 

Shotting the value of an Annuity on tivo joint lipes, deduced from obsertfu 
tMn* made at Northampton ^ the difference of ages being \0 years.-^( En^ 
rye. Met r op.) 



Ages. 


4 
per Cent 


5 
|«»r Cent. 


Ages. 


4 
per Cent. 


5 
per Cent 


1-11 


10-782 


9-5W 


44w51 


8130 


7569 


2.12 


12-438 


11-010 


45.55 


7-948 


7-411 


3-13 


13019 


11-528 


46-36 


7-763 


7-249 


4-14 


13-374 


11-850 


47-57 


7-574 


7-084 


6-15 


13-479 


11-954 


48-58 


7-382 


6-915 


6-16 


13-578 


12-052 


49.59 


7186 


6-742 


7.17 


13-599 


12-083 


50-60 


6-989 


6-568 


8.18 


13-569 


12-070 


51-61 


6-795 


6-395 


9.19 


13-482 


12006 


52-62 


6-600 


e-2:ti 


10.20 


13-355 


11-906 


53-63 


6-399 


6042 


11-21 


13^17 


ir^97 


M.(>t 


6196 


5-860 


12-22 


13-078 


11-686 


65-65 


5-986 


5-671 


13-23 


12-934 


11-570 


56-66 


6-774 


5-479 


14.24 


12-T84 


11-450 


67-67 


5-559 


5-'.W3 


15-25 


12-630 


11-324 


58-68 


5-341 


5-Ofti 


164J6 


12-470 


11193 


59-69 


5-121 


4-883 


17-27 


12-311 


11063 


60-70 


4-900 


4-6H0 


18.28 


12-158 


10-939 


61-71 


4679 


4-^6 


19-29 


12-013 


10-820 


62-72 


4-458 


4-272 


20-30 


11-873 


10-707 


63-73 


4-236 


4-066 


21.31 


11-742 


10600 


64-74 


4-019 


3-864 


22.32 


11-615 


10-498 


65-75 


3-806 


3-665 


23-33 


11-485 


10-3iW 


66-76 


3-606 


3-477 


24.34 


11-352 


10-285 


GlStl 


3-405 


3-289 


25.35 


11^17 


10175 


68-78 


3-199 


3-095 


26.36 


n-OTO 


10062 


69-79 


2-979 


2-887 


27.37 


10-936 


9-946 


70-80 
71-81 


2--:67 


2-675 


28.38 


10-791 


9-826 


2-542 


2-470 


29.39 


10-642 


9-7(X3 


72-82 


2 384 


2-271 


3040 


10-490 


9-576 


73-83 


2141 


2-085 


31.41 


10-336 


9-448 


74-84 


1-901 


1941 


32-42 


10-182 


9-3-20 


75-85 


1-856 


1811 


a3.43 


10027 


91<t0 


76-86 


1-739 


1690 


3M4 


9-860 


9058 


77-87 


1-633 


1-597 


35-46 


9-706 


8-921 


78-88 


1546 


1 51 i 


36-46 


9-540 


8-^781 


-79.89 


1 1-27 


l-4(>0 


37-47 


9-370 


8-6r*» 


80-90 


I -/na 


1-255 


38-48 


9195 


8-487 


81.91 


1078 


1061 


;».49 


9-015 


8-333 


82-92 


■mv 


■8.-)2 


44).50 


8-884. 


8-177 


' 8:^-9.^ 


-614 


•606 


41.51 


8lViB 


8-025 


84-9t 


•403 


•308 


4g.52 


8-483 


7-875 


8.5-95 


-187 


-ia5 


1 43.53 


8-308 


7-724 


86-96 


•000 


-000 
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3. Of A*»urancet on Lives. 



This article ha«< been already extended beyond its due limitu ; the fol- 
lowing Table is therefore all that can be inserted on this sulject 



Termt of Assurance proposed by the Amicable Society , for assuring the sum 
of £100. upon the life of any healthy person from the age of 9 to 12. 



Age. 


For one 


For 7 


For the 


Age. 


For one 


For 7 


For the 


year. 


years. 


whole life. 


year. 


years. 


wholejife. 




£. s. d. 


£. s. d. 


£. s 


d. 




£. s. d. 


£. s. d. 


£. s. d. 


BtoU 


14 6 


18 


1 14 


6 


44 


1 17 


2 1 


3 13 


15 


15 


19 


1 15 


6 


45 


1 18 


2 2 


3 15 


16 


15 6 


1 


1 16 


6 


46 


1 19 


2 3 


3 17 6 


17 


17 


I 1 


1 17 


6 


47 


2 


2 4 6 


4 


18 


18 6 


♦ 2 


1 18 


6 


48 


2 1 6 


2 60 


4 2 6 


11) 


1 


1 36 


1 19 


6 


49 


2 3 


2 8 


4 5 


20 


1 1 6 


I 4 6 


2 


6 


50 


2 4 6 


2 10 


4 8 


21 


1 2 6 


1 5 


2 1 


6 


51 


2 6 


2 12 


4 110 


22 


1 36 


1 56 


2 2 





52 


2 7 6 


2 14 


4 14 


23 


1 40 


1 6 


2 3 


6 


51 


2 9 6 


2 16 


4 17 


21 


1 4 6 


1 6 6 


2 4 


6 


54 


2 11 6 


2 18 


5 


25 


1 5 


1 7 


2 5 


6 


.V> 


2 13 6 


3 00 


5 3 6 


26 


1 5 6 


I 76 


2 6 





56 


2 15 6 


3 2 


5 7 6 


27 


1 6 


I 8 


2 7 


6 


57 


2 17 6 


3 4 


5 116 


28 


1 6 6 


1 8 6 


2 8 


6 


68 


2 19 6 


3 6 6 
3 9rt 


5 15 6 


29 


1 7 


1 9 


2 9 


6 


5J) 


3 I 6 


6 


SO 


1 76 


I 96 


2 10 


6 


60 


3 40 


3 12 6 


6 5 


31 


1 8 


I 10 


2 11 


6 


61 


3 6 6 


3 15 6 


6 10- 


92 


1 8 6 


1 10 6 


2 12 


6 


62 


3 9 


3 19 


6 15 6 


33 


1 9 


1 11 


2 14 





& 


3 11 6 


4 26 


7 1 


34 


1 9 6 


I 11 6 


2 15 


6 


6t 


3 116 


4 7 


7 7 6 


a5 


I 10 


I 12 


2 17 





65 


3 18 


4 12 


7 14 6 


36 


1 10 6 


I 13 


2 18 


6 


66 


4 2 


4 17 6 


8 2 


37 


1 11 


1 HO 


3 





67 


4 60 


5 40 


8 10 


38 


1 U 6 


1 15 


3 1 


6 


68 


4 13 6 


5 13 6 


8 19 6 


89 


1 12 


1 16 


3 3 





69 


5 1 6 


6 40 


9 9 


40 


1 13 


1 17 


3 5 





70 


5 10 6 


6 17 6 


9 19 6 


41 


1 14 


1 18 


3 7 





71 


6 1 


7 14 6 


10 10 


42 


1 15 


1.19 


3 9 





72 


6 13 


8 16 


11 2 


1 4^ 


I 16 


2 00 


3 11 














£x. Let it be proposed to determine the annual payment to be made by 
a person aged 42, to insure £1000. payable at his decease. 

£. s. 
By Table, aanual payment per cent ..«»... 3 9 

Multiply by 10 

jE^Tio 
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ANOMALISTIC r<sor.— 5ec Earth Elements of. 

ANOMALY, in A$tronomif.~-.( Maddy^ Play fair,) 

Giren the mean anomaly (w}, to find the true («), (uswally called Kep- 
ler's PrublemJ 
\$t Method.-~U the eccentricity («} be very small, 

I 4- c 
tan. J p = . ^ ■ tan. i m. 
1 — e 

2d MetAod.^het ti be the eccentric anomaly, and let the true and mean 
anomalies be measured from apheUon ; then we have the following equa- 
tions :— 

»* = « + e sin. w. 



= JJ^ 



& tan. iv= \' -=— — . tan. i u. 
I -4- e 

Therefore, eliminating u between these two equations, the relation 
between m and v may be found. 
If the anomalies are measured from perihelion, 

m = u~^e sin. u. 

& tan. I P = V ■~-^. tan. | u. 
1 — e 

The foUowipg is the series for r in terms of m. 

1097 1223 

"*■ 960 ^* ^*"- '"^ '" + ~960~ ^ **'"• ^ '"• 

.Vofe.— The constant coefficients must be reduced into degrees and 
minutes, by multiplying each of them by »7«. 29578, the number of de- 
grees in an arc equal to the radius. 

3d Method.-^To find the true anomaly in terms of the mean, in a series 

ascending by powers of e. 

5 
« = ♦» + 2 siniM. e -f. -- sin. 2 m. p* -4- &c. 

4; 

And to find m in terms of r, 

/« rr f — {'> c -^ e. 1 — c«> sin. p -f- («» -f- c r. 1 — r-a' -sin. 2 r — hv. 

where c -s * 

c 

2\ 
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riie radius vector r may also be expressed in terms of the mean ano- 
maly, supposing the mean distance 1. 

r^i + i-.«»-(e-|e3+-j|..5)cos.;«H.(^-le*4-j*4-ie«^ 
COS. 2w* — ^ "8 ^ "■ 1^ ^^) *^^?- 3«* 4-^ — — e4 + — c6^co8. 4«» 



In the case of the sun, e being small (viz. '016814) its powers above the 
3d. may be neglected, and in this case y = (!». 55". 26", 35) sin. m + 
(!'. 12", 68) sin. 2 »* + (1". 05) sin. 3 m. 

And r = 1 + i e« — c cos. »» — i | e« cos. 2 w. 

"When »» is computed from the apogee instead of the perigee, the signs 
of the terms involving the odd multiples of m must be ehai^d. 

ARCHES, Eqaidhrium oi.^CWhemeU^ Playfair.) 

1. In an arch which is in equilibrium, the weights of the voussoirs are 
as the differences of the tangents of the angles which their joints make 
with the verticaL 

Hence if O T be in the line of the joint 
P Q or parallel to it, O T, parallel to 

P Q, &c., and T T, be horixontal, the 

weights of the voussoirs C, C &c. will 

I 2 

be as the portions T T, T T &c. 

1 1 a 

Cor. 1. If the arch is a circle, the 
weights of the voussoirs are as the dif- 
ferences of the tangents of the arches, 
reckoned from the crown. This is 
notMng more than the general propo- 
sition above, applied to a particular 
case. 

^ote.— As the stones themselves can- 
not always be made in. the proportion 

thus required ; the wedges, of which they make parts, are supposed to 
be extended upward by courses of masonry. The whole mass included 
between the planes of the joints produced, as far as that masonry ex< 
tends, is understood to make up the weight of the voussoirs. 
22 
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Cor. 2. TbB hwnxmUal foressnre b represented by O X, and is tbe same 
at each joint 

Cor. 3. The pressures at the joints are represented by O T, O T &c. 

and are therefore as the secants of the ^' which the joints make with 
the vertical. If d be the ^ of any joint with the vertical, and H the ho- 
riaontid pressure, H sec. % is the pr^sore at that joint. 

Cor. 4. The line X T will represent the whole weight of the mass be- 

8 

tween D E and P Q, and similariy for any other joint } hence H tan. 9 is 

% 8 

the weight of any portion. 

2. The intrados beingt & cirele, £ 
with the joints in the direction o 
of the radii, to find the extra, 
dos, so that the voussoirs may 
be in e^nilibriuBi. 

Let P be any point of the in- 
trados, O its centre, put D O P O T 
= 5, OD = OP = /, OQ = r, OE = *, then 

r« = i« + (A« — i«) 8ec.« B. 

Hence we have the following construction. Make O R horizontal, 
RP = OE, F G horizontal. Let OPmeet FGinS, draw S T rftrtical, 
and tdce O Q = ET ; the Utcw of Q will be the extrados. 

Cor. 1. The extradoe has F G for an asymptote. 

C«fr. t. To find the equation to the extradoe. Let O be the origin of 
tiie coordinates, :t and jr corresponding coordinates to the point Q, O D 
= /, O F =r « ; tiien the Equation to the curve is 

The extrados, in the case of a circular arch, is therefore a curve of the 
4th order, very much resembling the conchoid of Nicomedes. It has an 
asymptote F G and also a point a{ contrary flexure, so that it coincides 
very nearly with the curve in which a road is usually carried over a 
bridge. 

3. In an elliptic arch, or one of which the intrados is a semi-ellipse, it 
*2 a be the span of the arch or the msyor axis of the ellipse, and b the 
height of the arch or the sjcmi-conjugate a^tis j Uicn If from any point in 
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the nirvc a perpeudirular .r be let fall on the longer axLi, and \V be the 
weight of the key-stune, the weight V of any voussoir is 

I , a* — bt 






4. If the weights of the vonssoirs are all equal* the arch of equilibrium 
is a catenarian curve, the same that a chain of uniform thickness would 
assume. If hanging freely ; the horizontal distance of the points of sus- 
pension hdng equal to the span ef the arch, and the depth of the lowest 
points of the chain'being equal to the greatest height of the arch. 

The equation to the catenary, if jp and y be the corresponding coordi- 
nates from the vertex along the axis or vertical line, is 



The constant quantity a may Yfc determined by experiment ; for th« 
chiun being suspended j let a tangent be dr«wn to any point of the curve, 
and produced till it meet the axis ; then as the snbtangent is to the or. 
dinate, so is the length of the chain, between the given point and the 
rertex, to the quantity a. When a is found, the curve can be construct- 
«d. 

5. The pressure ef an arch on the piers «r abutments which support it, 
may be estimated by considering the parts of the arch, which rest im. 
mediately on the abutment^-to a certain height, as parts of the abutments 
themselves ; and the remainder of the arch as a wedge ; tending to sepa- 
rate the stbHtments from one another. 

Thus the part ALMS (see above Fig.) which would remain in its place 
though there wene no pressure from above, may be regarded us a part of 
the pier, and L M £ D &c., the remainder of the arch« as a wedge tend- 
ing to overthrow the pier by its pressure on the plane M L. On these 
-suppositions the thickness of the piers, so that their weight shall enable 
them to resist this pressure, may be determined. 

Let the / .whir b M L makes with the vertical ;= fl, twii*e the area 
>I L D E = a», C K = 4^ and F C = or, then 



j: =^'^ 



at // 2 at X 

i h COS.* «"*■"** s'\ sin. *2 tf "*" \h* co».4 9 )' 



In the above deinoa«>tratiuii, the hypothesis is that the pier A F, if th^ 
weight of the ^rch were too great to be sustained, would fall, by turning 
round F .in a fitlcnnn. Now this is not what would happen ; the part of 
rh«» Hbnrmeut beliind S M would be thrust out in the horizontal direction. 



£^. What Lb tKe length of h < 
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ARCS Semi-4i¥/rMi.MVin4i€.) 

TABLES of Semudiumal Area. 
Latitude and Declination of the tame kind. 



Decli- 
nation. 


LATITUDE. 1 


50» 


5I« 


52» 


53® 


54» 


550 


560 


D. 


U. M. 


H. M. 


H. M. 


H. U. 


H. M. 


H. M. 


U. M. 


1 
2 
3 
4 


6. 8 
6L 13 
6. 18 
6. 22 


6. 8 
6. 13 
6. 18 
6. 22 


6. 9 
6. 14 
6. 19 
6. 24 


6, 9 
a 14 

a 19 
a 25 


a 9 
a 15 
a 20 
a 26 


a 9 
a 15 
a 21 

a 27 


a 10 
a 16 
a 22 
a 28 


5 
6 

7 
8 


6. 27 
6. 32 
6. 37 
6. 4d 


6.27 
6. S3 
6. 38 
6. 43 


6. 29 
a 34 
a 40 
a 45 


a 30 
a 36 
a 41 
a 47 


a 31 
a 37 
a 43 
a 48 


a 32 
a 38 
a 44 
a 50 


a 34 
a 40 
a 46 
a 52 


9 
10 
11 
12 


6. 47 
6. 52 

6. S7 

7. 2 


6. 48 
6. 54 

6. 59 

7. 4 


a 50 
a 56 

7. 1 
7. 7 


a 52 

a 58 

7. 3 
7. 9 


a 54 

7. 
7. 6 
7. 12 


a 56 

7. 2 
7. 8 
7. 15 


a 56 

7. 5 
7. 11 
7. IB 


13 
14 
15 
16 


7. 7 
7. 13 
7. 18 
7. 24 


7. 10 
7. 15 
7. 21 
7. 27 


7. 12 
7. 18 
7. 24 

7. 30 


7. 15 
7. 21 
7. 27 
7. 33 


7. 18 
7. 24 
7. 31 
7. 37 


7. 21 
7. 28 
7. 34 
7. 41 


7. 24 
7. 81 
7. SO 
7. 45 


17 
18 
19 

20 


7. 29 
7. 35 

7. 41 

7. 417 


7. 33 
7.38 
7. 45 
7. 51 


7. 36 
7. 42 
7. 49 
7. 55 


7. 40 
7. 46 
7. 53 

a 


7. 44 
7. 51 
7.58 

a 5 


7. 48 
7. 55 

a 2 

a 10 


7. 62 

a 

a 7 
a 15 


21 
22 
23 
24 


7. 68 

7. 59 

8. 6 
8. 12 


7. »7 

a 4 
a 11 
a 18 


a 2 

a 9 
a 16 

a 24 


a 7 

a 14 
a 22 
a 30 


a 12 
a 20 
a 28 
a 36 


a 18 
a 26 
a 34 
a 43 


a 24 
a 32 
a 41 
a 51 


25 

26 
27 
28 


8. 19 

8. 27 
a 34 

a 42 


a 25 
a33 
a 41 
a4o 


a 31 
a 3^ 
a 48 
a 37 


ass 
a 4n 
a 56 

9. 5 


a 45 

8. 54 

9. 4 
9. 14 


a 53 

9. 2 
9. 13 

a 24 


9. 1 
9. 11 
a 23 
ft 35 


29 
30 
31 
38 


a 50 
a 59 

9. 9 
9. 19 


a 56 

9. 8 
9. 18 
9. 28 


9, 6 
9. 17 
9. 28 
a 39 


9. 14 
2. 26 
9. 38 
9. 52 


9. 25 

9. 38 

9. 51 

10. 6 


a 36 
a 50 

10. 5 
Ift 23 


a 49 
la 4 
la 22 
ia44 1 
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Latitude and Declination of differenfkinda. 



Deeli. 
nation. 






LATITUDE 


. 




■MNMHI 


50« 


510 


58« 


53P 


54* 


559 


500 


D. 


H. M. 


H. M. 


U. M. 


H. M. 


H. M. 


H. M, 


H. M. 


1 
2 
3 
4 


5. 59 
5. 54 
5. 49 
5. 44 


5. 58 
5. 53 
5. 40 
5. 44 


5. 58 
5. 53 
5. 48 
5.43 


6. 58 
5. 53 
5. 48 
5. 42 


5. 58 
5. 53 
5. 47 
5.48 


5. 58 
5. 52 
5. 47 
5. 41 


5. 58 
5, 52 
5. 46 
5. 40 


5 
6 

7 
8 


5. 39 

5. 35 

6. 30 
5. 25 


5. 39 
5. 34 
5. 29 
5. 23 


5.38 
5.33 

5. 87 

6. 22 


5. 37 
5. 31 
5. 26 
5. 21 


5,36 
5.30 
6. 25 
5. 19 


5.35 
5. 29 
5. 23 
5. 17 


5. 34 

5. 28 

6. 22 
5. 16 


9 
10 
U 
12 


5. 20 
5. 15 
5. 10 
5. 5 


5. 18 
5. 13 
5. 8 
5. 3 


6. 17 
5. II 

5. 6 

6. 


5. IQ 
5. 10 
5. 4 
4.58 


5. 13 

5. 8 

6. 2 
4. 56 


5. 12 
5. 5 
4. 59 
4. 53 


5. 10 

6. 3 
4. 57 
4. 51 


13 
14 
15 
16 


5. 
4. 54 
4.49 
4. 45 


4. 67 
4. 52 
4. 4S 
4, 41 


4. 55 

4. 49 
4.44 
4. 38 


4. 56 

4.47 
4. 41 
4. 34 


4C 50 
4. 44 
4.37 
4.31 


4. 47 
4. 41 

4. 34 

4.27 


4. 44 

4. 37 
4. 31 
4. 24 


17 
18 
19 
20 


4. 38 
4. 33 
4. 27 
4. 21 


4, 35 
4. 29 
4. S3 
4. 17 


4.32 
4. 26 
4. 19 
4. 13 


4. 28 
4. 22 
4. 15 

4. 9 


4. 23 
4. 18 
4. 11 
4. 4 


4.21 
4. 14 
4. 7 

a 59 


4. 17 

4. 9 
4. 2 
a 54 


21 
22 
23 
24 


4. 15 
4. 9 
4. 3 
3. 6C 


4. 11 
4. 4 
3. 58 
3. 51 


4. 6 
4. 
3. 53 
3. 46 


4. 2 

a 55 
a 47 

a 40 


a 57 
a 50 
a 4» 
a 34 


a 52 
a 44 
a 36 
a 27 


a 4& 
3. 38 

a 29 

a 20 


25 
26 
27 

28 


3. 49 
3. 42 
3. 35 
3. 28 


3. 44 
3. 37 
a 29 
3. 21 


3. 38 
3. 30 
a 22 
a 14 


a 32 
a 24 
a 15 
a 6 


a 25 
a 17 
a 8 

2. 58 


a 18 
a 9 

2. 59 
2. 49 


a 11 
a 1 

2. 50 
2. 38 


29 
30 
31 
32 


3. 20 
3. 11 
3. 3 
2, 53 


3. 12 
3. 4 
2. 54 
2. 24 


a 5 

2. 55 
2. 45 
2. 44 


2. 56 
2. 46 
2. 35 
2. 23 


2. 47 
2. 36 
2. 24 
2. 11 

• 


2. 37 
2. 25 
2. 12 
1. S7 


2. 26 
8. 13 
1. 57 
1. 40 



Explanatim oftJie Tables. 
The first is a Table of semi-diurnal arcs, when the latitude of the place 
and the declination of the body are of the same kind j the 2d. when the 
latitude and declination are of different kinds. The first column of each 
27 
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TaV»lc contains tlie declination of the body from 1» to 3r2o^ and at the top 
of each succeeding column is set down the latitude of the place from 50* 
to 66» both indttsive. 

For the mn, the arc gives the time of its setting, and if it be subtract- 
ed from twelve o'clock, you get the time of its rising. 

For astavt add and subtract the equation to and from the time at which 
the star passes the meridian, and you have the time of its setting and 
rising. 

llie time so given is the hour when the centre of the sun appears in the 
horison, the eye being at the surface of the earth ; thereby taking into 
consideration the effect of refraction. 

Exan^le.-^ln latitude 52^. 12'., and declination of the. son 23P. 28^., 

what is the time of its rising and setting ? 

h. fn. 
Latitude 5S9. declination 23o arc a 16 

. 03. «..« arc 8. 22 

1 6 

Hence la : 12' :: 6m : Im, to be added to Sh. IGm. A. m. 

Latitude 52<>, declination 23/^ arc 8. 16 

— — — — — ^— 24 arc 8. 24 

~ 8 

Hence !<> : 28' :: 8m : 4m, to be added also to 8A. 16i». 
Therefore the semi-diurnal arc = 8A. 16m. -{- Im. -4- 4m. = 8A. 21m. the 
time of setting; and "ih. 39m. = time of rising. 

AREAS of Curves t whose Equations are given. 
I..et X and y be the abscissa and ordinate of the curve, then 

Area = fl. t/dx. 

Ex. I. — Area of a triangle = base X i perpendicular. 

2. Area of the common parabola = § xy = | of the circumscribing 

w-» ^ - 

rectangle. Or if the general equation is a x = y" , area = x 

«+ 1 
xy. 

3. Area of circle whose radius = 1 is a 14150 &c. or if rad. = r, and 

3- =: 3. 14150 &c. area = tr r*; or in terms of drcumference C = C. ~. 

4. Area of ellipse, if a and 6 = J ax. maj. and min., ■= r. ab. 
b. Ar»*a of cycloid =: 3 times area of the generating circle. 



A S Y 

6. In the hsrpprbola thp area bet\*'een the asymptotes = (I. -*"* f * 

(assuming- yx ^ »i«), the hyperbola being equi.lateral ; .'. area = mt 
log. X + C J and assuming it = o when x = w, we shall have m* log-. 

X 

— as the genenU expression for the area, 
m 

If m = 1, the areas are the hyperbolic logarithms of tJie corresponding 
absdssee ; and hence the origin of the term hyperbolic as applied to lo 
garithms. 

For Arecu of SpiraU.^^ee Spiral. 

ARITHMETICAL Progression.—See Progrettion. 

ASSURANCE vn Lives.'^See Atmuitiet. 

ASYMPTOTES, to draw. 

Find the value of —j — = subtan- 

dy 

gent M T ; /. A T = i— - — * is 

known. Now suppose x to become 

infinite, and T to move on to C ; then t- a *ir 

if A C be finite the curve admits an ^ 1 T A M 

asymptote. Next find the ratio of T M : IM P, which, if we again sup- 
pose X infinite, gives us the ratio of C L : L .r ; then by similar As C L : 
L JT : : C A : A R, of which proportion the three first terms are known, 
and .*. A R can be determined. Join C R, and produce it indefinitely, 
and C R is the asymptote required. 
Ex. I.— To drilwan as3rmptote to the common hyperbola. 

i ax -^ x^ 
Here A T = -~ — .r (when x is infinite) = a = A C. Again 

TM: MP::-Hii£-±-£3L ; 1 VJoT+P ;; (when* is infinite) jt : 
a-^ X a 

— ^ :: CL ; Lx ::CA(a) : AR, ,*. AR = 6i Hence from a draw 

Cv 

A R = 6 ; take C the centre, and join C R, and produce it indefinitely, 
and C R jr is the asymptote. 

Ex. 2.— Let the equation be y* = a *' + **• 

a 
Proceed just as before, and we get C L = ;r, L * <5: 4r ; A C = -s-, ,", 




3' 



xlxlljl AR = -| /. &c. 
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ATMOSPHERE. 

Atmotpheric air, propet'tiet of. 

1. Fluidity, elasticity, expansibility, and gravity. 

Atmospheric air, composition of. 

2. Nitrogen 79 parts, oxygen 21, and alK>ut 1 part in 1000 of carbonic 
acid gas. It also contains about 1 per cent, of water in the state of elas- 
tic vapour. If the calculation be made by weight, there will be, in every 
100 measures of atmospheric kir, 23i of oxygen, and 76J of nitrogen. 

Atmospheric air, specif gravity of 

3. Specific gravity of air : that of water : ; 1 : 832 or 833, when redu- 
ced to the pressure of 30 inches of the barometer, and the mean toroper- 
ature of 5Sfi. of the thermometer. 100 cubic inches of air at the surface 
of the sea, when the thermometer is at 60<>, weig^ 30^ grains. 

Atmospheric air, rarefaction and condensation of 

4. The ratio of the spaces occupied by a given quantity of nir in its 
greatest state of rarefaction, is to the same under the highest degree of 
condensation, as 550.000 to I. 

Atmosphere, weight or pressure of 

5. Tlie pressure of the atmosphere in its mean state is equal to a co- 
lumn of quicksilver of an equal base and 30 inches high, or to a column 
of water of 34 feet in height. Hnace its weight on every square inch is 
nearly equal to ISlba. Mr Cotes computed that the pressure of this am- 
bient fluid on the whole surface of the earth is equivalent to that o^ a 
globe of lead of 60 miles in diameter ; and admitting the surface of a 
man's body to be about 15 square feet, he must sustain 32,400 lbs, or near- 
ly \^ tons weight But since the variation in the height of the mercurial 
column may occupy a range of 3 inches, every square inch base on any 
body may at one time be pressed more tlutn it is at others by a weight 
equal to three cubic inches of mercury. Hence it may be easily shown 
that the difference in the weight of air, sustained by our bodies, in dlf- 
ferent states of the asmosphere, is often near a ton and n half. 

Atmosphere homogeneous, height of 

6. Let H = height of homt^neous atmosphere, i its nnrforra density, 
b the height of the baroiaeter in feet, and D the density of the mercury, 
then 

At a medium 8 : D :: ij : 13600 j and 6 at a mean = 30inches-2|fcet, 
•*• H ~ i ~ 27818 feet, = rather more t)ian 5J miles. 

30 
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AtmotiAere, detuity »f. 

7. ITie density of the idr is in proportion to the force which compres- 
ses it, or to its elasticity, or inversely as the spaces within which tlie 
same quantity of it is contained. 

8. If altitudes be taken from the earth's surface in arithmetical pro- 
gression^ the density of the air decreases in geometrical progression. 

9. Given the altitnde above the earth's svtrfttee, to find the density of 
the air j and conversely. 

Let p = density at tlie distance or from the earth's surface, h the den- 
Btty at the surface, and h tlie height of the homogeneous atraoHphere, 
tiien 

—•X h .r 

y = S X e * , or by Art. 6, y=>x« *^ 

Or conversely, having g^veu the density to And the altitude, we have 

i ^ 

« = A X hyp. log. — J Of in common logs, nearly x = 1000 x log. TT. 
y 

Itt the above iwtoxAa^ I and jf denote the atmospherical pressures at 
the surface and altitude x^ for which we may substitute M and m» the al- 
titudes of Ih/C mercury in the barometer at thoe^ distances ; we shall then 
have 

X = 1000 X ^og. . 

This gives only the approximate height; for the corret^ formula— 
tee Barmneter. 

10. If, instead of snppeeing gravity constant, we assume it to vary in- 
versely as the «** power of the distance, we shaU have, putting the 
earth's radius = r. 



3f=>. 



r (r -4- :r) - r 

^(^)h ' ^r^x)^'^ * 

which is a general Equation, expressing the relation between the alti- 
tude and density. 

Cor. If Fvari^s as -^,1/ = «. -T^Tl f— n 5 

J k ' N r r4-x/ 
^ 1 

hence ifr-^-x increase in harmonical progression, — -r— is in aritluBe« 

tic, and .', the demities themseivies will decrease in geometric, 
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11. TABLE exhibiting the comparative density of the air at the seve- 
ral corretpondmg heights. 



Height in miles. Rarity. 
i 

3J 2 

7 4 

14 16 

21 64 

28 „ „., 256 



Heiffht Rftrity. 

.*» 1(»4 

42 4096 

49 163&i 

56 65536 

63 262144 

70 1048576 



And by pursuing the calculation, it might easily be shown that a cubic 
inch of the air we breathe would be so much rarified at the height of 
500 miles, that it would fill a sphere equal in diameter to the orbit of Sa- 
turn. 

Atmosphere, r^ractive and reflective powers of, 

12. The altitude above the earth's surfetce at which the atmosphere be- 
gins to have any sensible effect on the rays of light to refract them — 
77.25 miles ; and the altitude at which reflection begins = 39.64 miles, = 
about half the altitude at which refraction begins.— (^ Vince.J 

How much farther than this the atmosphere may extend, it is impos- 
sible to ascertain ; it must, however, at all events, be limited in its ex- 
tent by the centrifugal force of the earth, and the attraction of the moon. 

For'terrestrial refraction, and the refraction of the heavenly bodies— 
see Refraction. 

Atmosphere, motion of 

13. To determine the velocity with which atmospheric air will rush 
into a vacuum, let h = height of homogeneous atmosphere, and v the re- 
quired velocity, ^ = 32^ feet, then 

V = '>J ig h = ® Va nearly, = at a medium 1339 feet 

14. To find the velocity with which air rushes into a medium rarer 
than itself, put V = velocity with which it rushes into a vacuum, D 
the natural density of the air, and 2 the density of the air contained in 
the vessel into which it is supposed to run ; then 

15. To find the time in which air will fill a vacuum of g^ven dimensions, 
put C = capacity of the vessel in cubic feet, A the area of the section of 
the orifice, h = height of homogeneous atmosphere ; then 
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Atm6tphere, law ofreptUtUm in tAe particles of. 

16. In general if the particles of a fluid repel each other with forces 

Tar3ring inrersely as the ir"' power of their distances or as -t~-> & 

oft 

d represent the density of any part, and c the compressive force upon it ; 
then 

c varies as d z or varies as ;. 

It appears by experiment, that the compressive force of atmospheric 

ra 4. 2 
air varies as the density, .*. — ~- — = I orn = I ; oonsequentiy the par- 

tides of air repel each other with forces which vary inversely as their 
distances. 

Cor. This fluid will be elastic, if » + 2 be positive. 

Atmotphere, temperature of. 

17. Various formula for the mean temperature of any place at the level 
of the sea. 

Pknifatr*»formt$la. 

/ = 58» + 270xcos2 latitude.— Fahrenheit 
When 2 latitude is greater than i90o, cos 2 latitude is negative. 

Leslie's formuia. 
t — co8« lat X 29».— Centigrade. 

Daubisson's formula. 
< = 27« X co8« lat.— Centigrade. 

Brewster^s formula. 
For the old world, ^ = 81|o x cos lat.— Fahrenheit. 
For the new, t = 81|» x «»* lat. x 113- 

Atkinson*s formula. 

Deduced firom Humboldt's obeervatious in the new worU.'-^See Mem. 
Astron, SocJ 

* = 97«, 08 X CM 5 lat— 10», 53.— Fahrenheit. 
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TABLE of mean tempercOwre at the level of the tea in tt^erewt latitudes, 
eeticitkitedfrom LesUe^s formula. 



Lat. 

00 4 


Cent. 
29« . 

2a78 . 

28.13 . 

27.06. 

25.61 . 

23.82. 

21.75 . 

19.46 . 

17.01 . 

14.50. 

11.98. 

11.4fl, 

10.99 . 

10.50 . 


Fahr. 


Lat 
64 

55 


Cent. 
... lO.Oi ..... 


Fahr. 


5 


8a8 


9.54 


40.2 


10 


82.6 


56 


9.07 


48.3 


15 


78.1 


57 




47.5 


20 


58 


8 14 


466 


25 


74.9 




7.69 


45.8 


30 


71.1 


60 


7.25 


„ 46.0 


^«i 


67.0 


65 


5.18 


41.3 


40 


62.6 


70 


339 


38.1 


45 


58 1 


75 




35.5 


60 


536 


80 


0.86 


33.6 


51 


62 7 


85 


0.82 


38.4 


62 


51 ft 


on 




32.0 


53 


50.9 









Mean temperature of London, as observed at the apartments of the 
Royal Society for 20 years, from 1790 to 1909, = 50* 94. The grreatest an- 
nual temperature during: that time was 53o. 2, the least 4So. 5. 

18. In ascendingc from the level of the sea, this mean temperature de- 
creases nearly uniformly, though accurately the decrease seems some- 
what slower as we ascend. Playfair calculates the diminution of heat at 
the rate of P for 270 feet nearly, when not far from the surface of the 
earth. Leslie allows 300 feet at the earth's sui-face ; and at 1 , 2, 3, 4, and 
5 miles altitude, 295, 277, 252, 223, and 192 feet respectively, for every de- 
gree of Fahrenheit, 

Hence to find the mean temperature at any height h above the level of 

the sea, we must subtract from the formulae in the last Art. -^sr accord- 



ing to Playfair, -^rr according to Leslie, and 



accord- 



251 -*- ^jrsr 



ing to Atkinson. '"^^ "*" 200 

19. The temperatnre of profiwe fountains gives very accurately the 
mean temperature of any place j and by this method the altitude of any 
place above the level of the sea may be nearly aseertuned^ Thus sup- 
pose t = temperature of the spring (Fahrenheit), T = mean temperature 
due to that parallel, found by the above Table or formulae, then 

(T — X 300 = height above the level of the sea in feet If the 
altitude be very considerable, 300 is too large a multiplier, and a correc- 
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tion must be applied thus : Let h = height found by the above rul^*, 

then 

A V (T — t)* 

— . oan/^ = correction to be subtracted from h. 
wouu 

According to Atkinson (see Metn. Astran. SocJ the height in feet due 

to any given depression of the thermometer n, is 



h 
andit = 



= y-251. 3 + , («-»)?». 



nearly. 



which two formulae apply to both hemispheres. 

20. To find the mean temperature of any dayj under any paraUel, and 
with any elevation. 

Let X be the mean longitude of the sun, ccMnputed fr<nn the lat of aries 
for any day of the year, the mean temperatuite of which is jr ; then in 
these latitudes. 

y = 580 + 370 cos 2 lat — •—■ + lao X sin (X — 30») 

SI. On ascending into the atmoephavj there is a certain height in every 

latitude, where the mean temperature is below 320 ; the curve joining aH 

^eee points, is called the line of perpetual congelation ; to find its height 

in aiiy latitude. 

H = 7612 + 7803. COS. 2 L. (PtmffairJ 

TABLE of the height of the curve of amgelatum in digerent kOitudet, 
. as computed hy Leslie. 



Lat Ht of curve in feet 

'Cv 00<0mev^0'0<0^>^0i0t000m0l00ifi0>^f l«fx«0 

4u ^t^#<^»^<^»^*»^#^*i^#^#>w»^»<w* oUUI 



45 



tf<»l»^»»»W^»#^*^<W^»W»»»»'#'tf 



7671 






Lat 
54 



Ht of curve in feet. 

Uv ^I0immme>0t0m0et^0mmm0'^^ti^0t0iem 4Uu35 
0(r W^W w w^» W ^^^^t»i^»»tfwMi^w» 9B18 

70 



i»»»^*rf»f»*MMW»*W»W»<W#W#MWi 



»#*>»»«^^^^»^y<w^#<^**^»wy»»»» 



»^^^#i^*W#V^^^»»ri^»«>^i^#^# 



75 
80 

B4 35 



2722 

1778 

1016 

457 

117 

OO 
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In our latitudrs, the nltitiidp of tlip point of rongolation may bp found 
Avith sufficient prpdsion l>y multiplyiuff tlie mean tempcrattu*e— 32® by 
300, and correcting as in Art 19. 

We will conclude this Article with the following short Tables and ob- 
servations :— 

TABLE exIUbiting the different gradations of the mean annua? temper- 
ature in Western Etwope and North Americay continuing tlie scaie to the 
EqtMtor.'^C Humboldt. ) 



Lat Old World. New World. 


Difference 




810. 5 




810.5 











77. 9 




77.9 











70. 7 




67. 1 




3.6 


^^ U.W,.... ....... 


6a 5 




54.5 




9 




50. 9 




38.3 




12.6 


60 i>#w^^.^»^#^^ 


41. 




25.0 




16 




33. 




0.0 




33 



The diflFerence of mean temperature between summer and ^vintx»r 

(reckoning each to consist of three months), is nothing at the equator, 

and constantly increases as we approach the pole, as shown in the fol- 

l&wiug Table :— 

Mean temperat 
of wint<T. 
61o. 5 

3J. d 

25. 



Algiers 

Buda 

Upsal 



Lat. 
370 

47i 

60 



<»^«^*w»>r'»'#>^ 



<^<W^»i^^»Wi 



#y#'^#»»'i^^»^#^#»»»* 



Mean temperat. 
of summer. 



Differ. 
180.7 



26.5 
35.2 



The following Table of mean annu;il temperature, drawn up princi- 
pally by M. de. Humboldt, is worth the attention of meteorologists. 
Those cities, to which an asterisk is attached, are^singularly situated 
with respect to climate, either by their elevation above the level of the 
ocean, or'by circomstances independent of the latitude :^ 

Lat. 

Fetersburgh 

Upsala 
Stockholm 
Copenhagen ^« 

liondon 



»y«*#w>»tf>wiw»#<*»»orri^>v<» y **»» 



■^^ji^^fiy^^**^^^ JWN<^»^»i^»^^^i^^<v»»>A» ^^ 



i»»^»»» »<»»<^<y ^^^^ir*'^^*'*^^*^*^^'* 



y^»N#<^>w*w>^^#«w»#yrf>^»rf>#>»#^ 



»»»»^»^^^iri^^^^#»^^^J W Vy^^^^^^^^^ 



74«. 


47' 


63. 


50 


59. 


56 


59. 


51 


59. 


20 


55. 


41 


5:?. 


31 


51. 


31 



^^»»»^^»^><iw^wm 



^■tr^^0^p^^0.^w^w^ 



W0'*'000'0>9m^im0>0^^ 



»<r#»»N»N»i#'#<^Wfl»^»^» 



^^■^WM<# <'#*MI^»i^»'^ 



Temp. 
I. W* 

3a 25 

38. ^ 

41. 90 

42. 'i^ 

45. 68 

46. 58 
50. 36 



Paris 

Vienna 

3« 



48. 50 ^f 
48. 13 



fr***tt****t**t 



51. 26 
50. ^1 



A X i 



Geneva ♦ 
Rome 



^O^^^^ »^»l»W>^^»^»#^^#>^»#»^^*N»»»^» 



#^t*>A»i#<^*»*M»<*^0*^»»i#)»iA*#^*W»*^<r»^»* 



i»^>»<»*^i*<#i^»i^^*>*w>jN^^^»wr»^^#'* 



Naples 

Madrid* 

Havannah 

Equator at the level of the sea 0. 



Lat. 
46. 12 

46. 28 

43. 17 

4a 3 

41. 53 

40. 50 

40. 25 

23. 10 

19. 25 

19. 11 

2. 24 



<^^*<^<^»^/^<w#»»»|^»* 



<rX>»i^>*i^^*^^»^»* 



iwji^^w^wo^j^r » \f0 



^»>^^»»^»^<»#i^»»^» 



Quito* 



^>»#*^*w»»^»»»#**»i^*'^»^^*»^i^^»<»^r 



^ 0. 14 



<f y i^*»»»* #^^»i»«»»>»^* 



»<»»»<Wi^^»^»»<»<»^» 



»r»r*^^^*i^»»#i*>^<i 



<w»>*wr^^^»^^*^* 



»»»^^»^*#»w»»»»»»^» 



Temp. 
5a 18 

65. 76 

67. 74 

63. 50 
60. 20 

64. 40 
50. 00 
78. 08 
62. 60 
77. 72 
74. 66 
80. 60 
59. 00 



From a general and extensive review of the various experimental 
data respecting the temperatures observed at different places on the 
earth's surface, the Editor of the Aimales de Chimie deduces the fol- 
lowing con6equence8.^(^.in». de Chimie^ xxviL 432 ) 

In tw place on the earth's turfitcet nor at any teaton, will a thermome- 
ter raised 2 or 3 metres above the soil, and sheltered from all reverbenu 
tioil, attain the 37® of Reaumur, or 40^ centigrade, or 114o. 8 Fahrenheit 

On the open sea^ it will never attain 85* Reaumur, or 81" centigrade, 
or 87®. 8 Fahrenheit 

The greatest degree of cold ever observed on our globe in the air, is 
40® Reaumur, or 50® centigrade below Zero, (58® Fahrenheit) 

The temperattire of the water of the ocean in ant; latitHde^ or at any sea- 
ion, nbver rises above 24® Reaumur, or 30® centigrade, (86® Fahrenheit.) 

AXIS, to find the angle at which a curve cuts.-^( Uigman. ) 

dv 
Find the value of -~- in the given curve, take ^ = o, and we ihaD 

get the tangent of the angle required. 
Ex. Let the Equation be y = — . "^ «'' — •^*. 



Here -3^ = — 1 now y =r Oi t^hen jr =r a, and 

When X = a, and the values of -^ are 1 add infinite reipectivelr ; 

.*. the curve cuts the axis at ah angle of 45® at the oHglh, ahd at riffht 
angles when x ~ a. 

AXIS, roiatitm of bodies abottt.^.^ee Hotdtiifk. 
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BALANCE. CPlnyfairJ 

The balance, when well constructed, must hare the following protver' 
ties. (1.) It should rest in a horizontal position, when loaded with equal 
weights. (2.) It should have great sensibility, i. e. the addition of a 
small weight in either scale should disturb the equilibrium, and make 
the beam incline sensibly from the horizontal position. (3.) It should 
have great stability, i. e. when disturbed, it should quickly return to s 
state of rest. 

That the first requisite may be obtained, the beam must have equal 
arms ; and the centre of suspension must be higher than the centre of 
gravity. Were these centres to coincide, the sensibility would be the 
greatest possible, but the other two requisites of level and stability would 
be entirely lost 

The 2d requisite is the sensibility of the haluice. If a be the length of 
the arm of the balance, and b the distance between the centre of suspen- 
sion and the centre of gravity, P the load in either scale, and Wthe weight 

of the beam, the sensibility of the balance is as u _ ; it is .'« 

greater, the greater the length of the arm, the less the distance between 
the two centres, and the less the weight with which the balance is load* 
ed. 

Lastly, the stability ia proportional to (2 P + W) 6. The diminution 
of 6 y., while it increases the sensibility, lessens the stability of the ba- 
lance. The lengthening of a will, however, increase the former of the8« 
quantities, without diminishing the latter. 

Hence the merit of balanced depends upon the quantities a, h, and W. 

B ALLOON.— 5ee JEronautici. 

BALLS iron and leaden^ weight of.^See Shot. 

BAROMETER. 

1. Barometer, Kale of . 

The usual scale of the Barometer is 31 very dry, or hard frost; 90L 5. 
settled fair or froet ; 30 fair or frost ; 29. 5. changeable ; 29 rain or snow ; 
3 5. much rain or snow ; 28 stormy.— f Young*s Nat. Phil. J 

::. Barometer, meeuurement of heights by. 

jFrofetsor Rohison''t formula in feet, without logarithms. 

Let / = mean temperatore of air at the two stations ; d = difference 
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of Barometric heights in tentha of an inch ; m =mean Barometric heights ; 
Z = difference of mercurial temperatures ; then ; 

Hrfght = 30x(87.|.O.21(/.a8.))x^ X 8 X 2. 83. 

— when the attached thermometer is highest at the lower station, and 
r, r. 

Sir G. Shuekburgh't formttfa infiitAoms. 

Let / = difference of logarithms of the heights of Barometer in inches ; 
d = difference of mercurial temperatures } /as before ; then 



Height= (1000W + O44Orf)x(l + /-32»x.0(»44), 
— when the attached thermometer is highest at t^e lower station, and 

Plttufair^t formula in fathoms^ which does not differ much front La 
Tlace't. 

Let b and ^3 be the height of the Barometer at the ioveit and highest 
stations, t and V the temperatures of the air (Fahr.) at those stations, 
q and q* the temperatpres of the mercury in the two stations ; then 



Height = 10000 



^V^ 10000 y 



Formula Encyc. Metrop. 
The height in feet is 



60347 



(' + ^) 'o^ 



900 y ^'ri4^ 9-9' 



'^ V 9742 y 



where t and t' denote the number of degrees above the freezing point of 
Fahrenheit This formula differs very little from the last 

S. Bttrometer, correctioti of observed heights it*. 

"When the mercury in the tube of a Barometer sinks, and the surface 
of tiiat in the basin rises ; to determine Uie correction. 

Let a = the section of the tube, and 6 = that of the basin, supposed 
cylindrical ; then apparent diminakion of height : the real diminution 
: : 6 ^ a : 6. in the best Barometers tiiere is a contriranre for bring- 
ing the mercury in the basin always to the same level, which obviates the 
necessity of this correction. 

Barometer f correction of observed heights in, as far as regards a change 
oftemperattsre. 
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Given the temperature of the mercury ia a Barometer, meaenred by 
the attached thermometer i to reduce the observed height to what it 
would have been at any other temperature, as for instance 32®. 

Let b =. observed height of Barometer, / = temperature j tlien true 

(f— 320 N 
I — ' innQQ J- 

4. Barometer^ range of. 

Annual range of Btwometer does not e?tceod from ^ to ^ an inch in the 

torrid sone } about two inches at Liverpool, the same at St Petersburg ; 

8 
at Melville Island, as observed by Capt. Parry, 1 Jq The extreme va- 

nation scarcely any where exceeds 3 inches, viz. from S8 to 31 inches. 
In the apartments of t^e Royal Society (the barometer being 81 feet a. 
bove low water), during a period of 22 years, viz. from 1800 to 1821, both 
inclusive, the mean height was 29.86 j the greatest height 30.T7 j the 
least height 28. 18 J and consequently the greatest range 2.59; the mean 
annual range during the same period was 1.92. The barometer was once 
observed at Middle wick, as high as 31.00. Greatest height ever observ- 
ed by Sir G. Shuckburgh, in London, was 30.957. In these climates, the 
barometer is generally lowest at noon and at midnight The mean height 
ia greatest at the Equinoxes, but greater in summer than in winter. 

5. Barometer^ mean height of. 

Mean height of the Barometer in cariow places, from Erxleben, and 
others.— (-Young's Nat. Phil J 

L/DSfti jirujirAnnff i firrrrf rrrrr i rr i — i Tr** i T*"""'rT**r'*Tf «)U* 10 

Mean level of the sea. Fleurian ,>,»,>»>, 30.095 

Atlantic. Burckhardt »^ »«i»i«»*#»w»»» »»»»»«» 30. 09 

MediterraueaOt ijo. »«»i«»«*»'»»<»»«wi»«w»*»ww»»w SOL Oli 

Mean in England and Italy. Shackbui^h SO. 04 

Mean level of the sea as usually estimated 30. 00 

Fort St wPorffG ##^^^<^#*#^##rfM*»*»^*'*'r#^»rf'^«'^<w»*i#<> !H/» uif 

COlUmDO rf^Mw^^»o»^wtf^»»* ##.##^g>»^<w»#»^»^ X 0t0^0^ ^m m0^0 »!»# «v« w> 

81 feet above the level of low water. 
The mean of any year scarcely differ. 
ingO.5. 
jueyuen <i»<i»<«»»^*«i»»»*w»»»^i»«»«»«w»»»»>«»» < » »i«i»^ww»»«>«w m'. dv 
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FsZlalllv i.». «..».«....- ■■--.-■-— | . — -----^.-f jyc^i-j^j^j^ 29, 90 
jrorto JMiio »' » w»#»«w»»»^w»<»>»ii»»<«i»#»u<w«<^<ww<w»w 8tf< 80 

Xumi ...-....-■■---■■-- i Trr-rrrm«i ii r»<^j i .i i jujji 89« vS 

XvIcllBDB^; #»I W »»#»»««»»»>^».r»W«i H I»IW « IIM<»MMWWWW«W*W 89a Of 

-^'v^^^ r ■-- i -rr i "r i " i "' i I i ' K y ¥TnnfTmriniinm r i f i r ^» r Mi< » wi niwf i ji^j SO* OS 

Vt UTdD DcT^ -*****"^ " ■ ■ - ■ t m — 1 — r rrr nr rf n rnjif infu gj i j i fj SO* QU 

^UaICU ■-*■■ ..u^^^^^^.^^ "rrr rrrrrrr r nrjirrruu jjXTj *0* £w 

^^MmO n h ttH M ■ - , rrr~rrrryrnf i rtf jwKmr i rrij i jLf jrj w7« olr 

We shall dose this article with the following Propositloii :— 
If a Barometer tube be in part only filled with mercury, and then its 
open end be imma*8edin a basin of the same fluid, the mercury will sink 
helow the point called the standard altitude, or the point at which it 
would have stood if no air had been left in ; and the standard altitude 
will be to the depression below that altitude, as the space oocnpiad by the 
air after tiie immersion, to tiie space occui^ed befure. 

This Proppsitton may be applied to the solution of two problems ; for 
we may eitiier give the quantity of air left in before immersion, to find 
tlie altitude of the mercury after immersion ; or we may giye ^he alti- 
tude of the mercury after immersion, to find the quantity of air left in 
before. 

£s. Let 5 inches of air be left in a tube of 35 inches before inrersion, 
to find the altitude of the mercury after. 

Let x = depression below the standard altitude — then 90 : xllXf^5 
15, ,\x = 10. 

BARS Iron, to find the weight of .^^f Gregory. ) 
The following b an approximate rule for finding the weight of cast 
iron bars :— 

Take -rrr* of the product of the breadth and thickness, each in eighths 

of an inch ; the result vi the weight of one foot in.length, in ayoirdupois 
pounds. 

Hence an inch square cast iron bar would require 9 feet, or 106 inches 
in length for i cwt. For uMrought iron square bars, allow 100 inches in 
length of an inch square bar to i cwt. 
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BELLOWS IfydrottaticaL'^See Fluids presiwre of, 

BINOMIAL THEOREM. 

This series, in its most simple form, is as followB :«* 

a »-* 6' 4- n. !L=ll. !!J=^. >* — 3 a»-4fl4 4. &c. where n is a 

whole number or fraction, positiye or negative. 
If h be negative, the odd powers of b will be also negative. 

f^ ifnu ih,. **u n— In — 2 ft— n-p2 

Cor. 1. The nr* term of the series is n, — r — . — - — .... z — . 

2 3 n«-l 

^n-nTTjtt-i 

Cor. 2, If H be a positive whole number, the series will conast of m -j. I 
terms, but in every other case, the number of terms will be unlimited. 

Cor. 3. If » be ^ whole positive number, the whole gum of the indices = 

Cor. 4 If R be a whole positive iQuaber» and b also positive, the sum of 
the coefficients of (a + d)** = 2^ ; but if 6 be n^r«tive, the ^om of th« 
ooeffidents ~ a j this appears by e^p^nding tb^ series, and ^making 4 = 
b. 

m b 

Cor. 5. If we call the index — , and put — = ^, and let A, B, C, D, 

&c. represent the 1st, 2d, 3d, &c terms of the series, with their prope^ 

m 

signs, we shall have (a + &) = 

*• . "•4^. ***"■**»/>. W»^2n r^ t\ t *'*""3**'r»r». o ^ 

« +n AQ+-^^.BQ4--3^-.CQ+— ^^.DO+&c. 

This is the most convenieut practical form in the case of fractional or 
negative indices. 
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In expai^ding 4 trinomial, quadr^nomial, mutinomial, co^sidei* ev^f 
tfirm, cp&cept the f st* 99 the 2d ten^n of abiiioinial, and then prpceed ac^ 
cording tp the rule. 



£x. 1. (a + 6 + c)» = (a + ft 4. c)« = oj + B a. 4 4. f 4. (J 4. c>« 
= a«4.6«4-ca4.2o6 + 2ac4.26c. 



2. (a 4. ft 4. «?)» = <a + * 4- c)» = a» + 3 «». ^ 4. c + 3 a. (6 + c)$ 

a(a4-*4-c + (<4. &c.'" = a"4-nar\ft4-c4-(l4. &c.) 

4- «. ^ <» (J + c -f ^^ + &c.)« 4- n. ^ . —J— « 

(ft 4. e 4. <i ^ &c;)s + &C. bnt tM DemoipnU Andlfftp. 87. 

BISS£XTILE.-p5e« Calendar. 

BOILING point of mrious Uquidt.'-^ee HmU, 

BRIDGE.— 5ee 4,xohet egptiOi^rium of. 

LUt of a fem of tba ma$t rtmarkaUe madtru JSxidget^ foith ih$ (M4 ^ 
their erection, the lengths of the chord an4 Vfrf(i4. fUif. 2f (^ anttre tfrf$ 
in feet, 8(C. ^c. 

STONE BRIDGES. 

No, 
Place. Date. Arches. Chord. Ver. tin. Curve. 

Avignon, Rhone 1188 ... 18 110^ A6% circular. 

Brioude, Allier 1454 ... — 183 70^ circular. 

This is the largest stone arch in existence. 

Florence, Amo 1569 ... 1 ....» 95]i ...... 14^ elliptical 

The Rialto, Venice 1301 ... 1 96^ 20% 

Grenoble, Drac 1611 ... — 150 62^ circular. 

Orleans, Loire ... 9 106^ 29% false ellipse. 

Pont Royal, Seine 1685 ... 5 82 — • 

Neuilly 1774 ... 5 128 32 false ellip«. 

Nantes, Seine ., 1765 ... 3 128 2S\i eUiptical. 

43 



B R I 



No. 
Place. Date. Archei. 

Maxence, Oise ••...•......... 1785 ... -p ...... 

Pont de U Concorde, Paris 1791 ... •— ..».. 

Saumnr, Loire •.••*......».. 1770 ... 12 ..m*. 

Bridge of Jena, Paris ...... 1815 ... — ...... 

Ulm, Danube ......*»... 1806 ... 1 ..».. 

Barton, Trent ............... 1200 ... 34 ...... 

Ix>ndon Bridgre ............... 1176 ... 20 ...... 

lianwrst, Conway 1600 ... 3 ...... 

Pont y Pryd, Taaf ......... 1758 „. 1 ...... 

Blackfriars 1771 ... — 

Waterloo ........................ 1818 ... 9 

Westminster .................. 1750 ... 15 ...... 



Chord. Fer. iin. Curve. 
16% ...... 6}i 

93% ...... 9^ drcnlar. 

60 ...... 21 eUiptieal. 

91^ ...... 10^ circular. 

181 K ...... 2214 circular. 

1545 long, longest in Britain. 

70^ ...... 22^ circular. 

58 M.... 17 circular. 

140 ...... 35 circular. 

100 ...... 41 ^ eUipticaL 

120 ...... 32 dUpticaL 

76 ,.,.„ _ circular. 



imON BJUDGBS. 



Chord. Ver. «m. 
Colbrook Dale ..... 100 ...... 45 



Sunderland ......... 240 



30 



Buildwas ............ 130 ...... 27 

Bristol 100 ...... 15 



Boston ........M.M.. 

Southwark ......... 240 



Chord. 

B9 ..m.. 



Bonar . 



.M........... 



150 



Ver. ritk 

...... <Kv 

..M.* 20 



ausPBirsioN bridges. 
Chord. 

.....M.M........ UOU 



Menai Bridge 

Its suspended weight 400 tons. 

Berwick ........m..mm.m..... 432 

Drybm^h ..**.•#••••«••«#•*•».• 961 






Middleton, Tees ............ 

Proposed Bridge at Ron. 



Chord. 
70 



com 



•M«*M*Mtt*«M«M««*«***« 



1000 
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CABLES strength of.See Cords. 

CALENDAR. 

The dvil year coQsUts of 365 days ; th^ real tropical year of 965d 5K 
48m. 5I,6jr. The excess therefore of the tropical year amounts to nearly 
24 hours, or one day, in four years. Hence the neoeealty of intercalftttng 
a day everj fourth year, ejected hy making February Cimfain 89 days. 
This correction was first applied by Julius Csesar, and thfi year on w]b|ol^ 
it fell was called by him Bissextile, by us Leap year. As it occurs erery 
4tii year, and every 100th year was a leap year in the Julian account, it 
follows that erery year divisible by foiir is a leap year. This correction 
is evidently too great by nearly twelve minutes, wMch would amount to 
one day in about 129 years. By the omission of this second correction, 
an error crept into the calendar, which vna ftat ^mended by Pope Gre- 
gory, in 1562, who wishing to bring the vernal equinox to the Slst of 
March, the day on which it happened in the year S25, when the council 
of Nice was held, suppressed 10 days. The correction of the stile did not 
take place in En^and till 1752, at which time a suppr^sion of 11 days 
became necessary. This is called by us the new stile. To correct the 
error in future, three intercaUury days are omitted every 400 years. 
Thus the centenary years 1700, 1800, 1900, which ought to have been 
leap years, were ordered not to be so ; and the /same in 2100, 2200, 2300, 
rad so on for succeeding centuries. The error of the calendar, as at pre- 
salt constituted, will not amount one day in less than 4837 years. 

CAPILLARY Tube8.^Plafffair.) 

Glass tubes so called of which the diameter is lees tiian r? of an inch. 

1. The height to which wat^ rises, and mercury sinks, in capillary 
tubes, varies inversely as the diameter of the tubes. 

If the bore is -ToQ-th of an indi, the rise is 5,3 inches. 

2. If a capillary tube, composed of two cylinders of diffiMreirt bores, be 
immersed in water, first with the widest part downward, and altervranU 
with the narrowest, the water wiU rise in both cases to the same height 

3. If two plates of glass be kept parallel and near to one another, and 
if their ends be immersed in water, the wiU»r will ascend between them 
to half the height it would rise to in a tube having its diameter equal to 
the distance of the plates. 

When the plates Butke an angle with one another, if they be immersed 
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•with the line of their intersection vertical, the water will ascend between 
them and form an hyperbola. 

4. To find the diameter of a capillary tabs, put into the tube some mer- 
cury, whose weight in grains = tr, and let it occupy a length of the tube 
= /, then 

Diameter ■= v -y- X 909123 in inches, 

CATENARY £qnatiom, ^c. to. 

Let T, Pf and » be the absfissa, ordinate, and curre, then the Equa- 
tions to the corre are, 

- ad X 

dy = . 

, zdz 
dx = :. 

^ — V2 a j: -I- x«. 
y = axh.l. -P-—. 






t/ = axh.l. ^ 



Subtangent = 



-IM. 



a 



Area =y ^ a* + »• -- a r. 
Surface = 27 ^5^ 2 4. at .a Va« + «• ) 

Content of solid = r (2a« + y« x a + x — 2 a x y* + a*)- 

CAUSTICS.— r Coddington. ) 

1. Cmutiet produced by reflection. ' 

1. GlTen a point, from which a thin pencil of rays proceedii^ fall oa 
a curved reflector, to determine their intersections after reflection. 

Let the incident ray = t* 

the reflected ray •......»« = v 

/ of incidence ................................. = f 

Perpendicular on the tangent = p 

Principal focal distance of reflector ... = / 
4« 



C A U 
then we* have the foitowing equatiorui, 

uf. cos « 11 1 



also V = 



u —/cos ^ tt ^ t? /cos ^ 



2 dp dn ^^^- -^ 



p u 

2. Giren the radiant point and the reflectin|r surfoce, to find the coQ' 
Stic. 

Let J9 and u be the perpendicular and radius vector of the reflecting 
curve, p' and w = do. ef the caustic, the rest as befmre, then 

andi>' = 2p V 1 _ P* • 

For V put its value — ^^ — ^i- or j- and forp the proper fiiinc- 

tion of u given by the equation to the original curve* let « be then eli. 
minated, and we shall have an equation in tc and p% which will be that 
of the caustic. 
Ex. Let the reflecting curve be the log. spiral. 

Uerep^mu, ,>^-—±L-- = w, 

p u 



p'=:2mttf Vl-^m*i u'« = 4ttt _4 ^*^*<* = 4 t« (1— «»*)j hence 

u 
p' = mu' i the caustic is therefore another log. spiral 

An equation in rectangular coordinates may also be obtained, but the 
method is too long for insertion here. 

There are some simple cases in which it is easy to determine the nature 
of the caustic by geometrical investigation ; for instance, when t^e re- 
fleeting curve is a circular arc, and parallel rays are incident in the plane 
of the circle ; or when the focus of incident rays ia in the circumference 
of the circle, the caustic in either case may be proved geometrically to, 
be an epicycloid. ViQien the reflecting curve is a common cycloid, and 
the rays are incident parallel to its axis, the caustic is also a common 
cycloid. 
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il. Caustics produced by refraction. 

I. Requh-ed the fociis of a thin pencil of rays, aftiM- bolng- refracted ob- 
liquely at a plane stirface. 

Let and q be the foci of inddent and 
refracted rays, 6 and ^ the ^s, of inci- 
dence and refraction, then 



sind 



sin^ 



2. Required the same at a carved sur- 
face. 

Let the incident ray 

the refracted ray .«• 

/ of incidence 

/ of refraction „.; a 




= tt 

, =r V 

= 

■>■' = f 

Radius of curvature of the surface at 

the point of incidence ~ r 



then 



u r cos a', tan a 
t« taa ^ — (u 4- r cos ^} tan ^' 

1 1 ^ (M-f-rcos a) sin ^' 

© "~ r cos <*' ' tlr cos (p**. tan ^ " 

When M is iitBnite, or the incident rays are parallel, 

r cos 0'. tan. « r cos ^'«. sin f 
tan 4» — tan ^' ~ sin (^ — ^') 

When ^ is a right angle, or u a tangent t5 the surface, 

» = r cos ^'. 

When tj is infinite, or the reflracted rays parallel, 

r cos a tan 0' _ sin <>' 

tan 0'— taft sin ;,0* — 0) 

For farther infonnation on this subject, see Coddington's Optics. 

' CENTRAL FORCES. 

1. Of the motian of bodies in clrcntdr orbits. 

Let V — velocity of a body in a circle, R ^ radius, V =z periodic time, 
F = accelerating force, r — .3.U1.*)9 &c. thon 



V« 4 T« R 

F = —rr-, or - 



K 



P« 
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Cor. I. Hf^nce V = Vf x R. o"" = 



C E N 

2tR 



P ' 



and P = 2 T x- -p-, or = —^ — . 

Ex. 1. If F varies as -5— or = -^ (* = absolate forw»), 

/ ^ 2 jr R ' 

V = V -^f and P = — ; — T And in general if F varies as 
n ^ 

'.^ = . J_ . v = -li_, and P ^^^. 
r2»-> r2»-» R«-* ^ 

£x.2. If the body revolve at the earth's surface F = ^= 32^ feet. 



and R = the earth's radius, Z. V = V ^r , and P = 2 * V . If the 

body revolve at any other distance x from the earth's centre, V = R 

fj -^t and P = -^ V -^. 

Cor. 2. The same formula are i^yplicable to the oentrifiigal foro» ; 
Hence if 9 = velocity of the earth round its axis, and j9 -= time of its re- 

vidving roond its axis, centrifugal force at the equator = -=-, ' or =: 
45i«R 
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Ex. Centrifugal force at the Equator : centripetal M ^**^ : g 

ir 

IS*" • 4 5r«' 

2. OftheeentripeUiiforceofhodietrevobnnginanytrajectorieg. ' 
Let P V = chord of curvature passing through the centre of force, y = 

radius vector, p — perpendicular on the tangent, a — area described dat. 

temp, then 

Ex. 1. If a body revolve in an ellipse, (force tending to the centre) 

JM^X_CP. 
' - A C« X C B»' 
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Ex. S. If bodies rerolve in the eonic sections the force tending to the 
focus, F = 1^, where L = lat rect 

Cor. The space through which a body P nust fidl, lite force at P eon- 

P V 
tinning uniform, to acquire the velocity in the curve = — j-. If the 

curve be a drde, space = •^. 

Z. Of the Unear velocity of bodies revoMng in trqfecteriet round a ceU' 
tre ofjbrce. 

Here V = V^XiPV, or = -^. 
And velocity (V) in any point of a curve : velocity (») of a body re- 
volving in a circle at the same distance :: ^¥Y : vF« " '^"T^ ' 

dp 

P 
Ex. 1. In an ellipse (the centre of force being in the centre), V = ^ 

xCD. Ateov:«;:cD : cp. 

Ex. 8. I« conic seetf ens, having the centre of force in the fbeus,^ V = 
fJtiL X -^ ; or, by substitution, we have in the parabcda Y =z 

A^S.. In ellipse and hyperbola, V = v xc.^ F 

EX.S. In the coi^seetiona (foreelntiie focus) V : f» :: ^HP • ^/a^. 
In the parabohh this ratio becomes that of VT : 1 ; in ellipse, that of 
V"2 — : 1 J in the hyperbola, that of V 2 4. : I. • 

Ex. k In the ellipse velocity at any distance S P : velocity at the mean 

distance :: VHP : VsT- 
1 Of the angular wlocities qfhodies revolving in t^ajectoriet. 
Let a = area described dat temp, y =. distance, then 

a 
Angular velocity varies as —5-. 

Ex. 1. in the coiacsectionB (force in the focus) angular velocity varies 
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Ex. 2. Aogolar velocity in » ecoic Metftoa : do. in a o4rde at th« nnie 
distance :: (iL)i: (SP)i. 

JFx. 3. Ang^uiar velocity in ellipse : mean angular velocity : : 
1 

• ACTCl' 

£x. 4. Angular velocity at mean distance : mean angular velocity I : 
CB : CA. 

Let « be the angular velocity in any curve, then the rate at which \t 
decreases, or 

d m vaitet at ' ^ """^ . 

Ex. 1. In a parabola, tiie decrement of the angular velocity is a maxi- 
mum, wheujf = -— - (a = i L. R.) 

Xx. 2. In the ellipse, the decrement is a max. when 3 j^ . 7 oy 4- 
4 ft* =■ o. 

5. Of the paracentric refoeitffi»aii^efif9e. 

Par. velocity varies as ^""^ . 

Ex. 1. In parabola, par. veiocity i& ft maxlmnin when y = t a. 

Ex. 9. In empw, jr = ~ s | L. 

& Of the cewMfugal force of bodU* revoking in trtiftcUfriei. 
Let a = twice area described in 1", then 

Centrifugal force = --g-. 

And centripetal force : centrifugal :: SSFs : 8Y>x PV, or :: 

p» ' dp' 
Ex. 1. In an ellipse (force in the centoe), ceatripetal : centrifugal 

fore©:; cp< : ac« x cb« 

JSr. 8. in ovule wotiolK (force in the focus) eentrif ugal foroe = -g^ffft^ 

iind eentripttal : centrifngal force :: S P : | L. 

7. OflkeperMtie tim^ efMttei iw king M in^fet^oriet. 
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^t A = whole area, a = area dat. temp., then 

P. T. = — . 
a 

£x. I. In ellipses (force in the centre), the periodic times = —j-, and 
are therefore equal in all ellipses. 

Ex. 2. In an ellipse (force in the focus). PT = — — :- *. 

CENTRE of Grarity.'^C Vince, Plat/fair.) 

1. To find the centre of gravity of two given bodies, divide the distance 
between them in the inverse ratio of their quantities of matter, and the 
point so determined is the centre of gravity. 

2. To find the centre of gravity of any number of bodies placed in the 
same straight line. 

Let the bodies be A, B, C, D, &c and their distances from a given 
point in the straight line be a, 6, c, d, ficc then the distance of their centre 
of gravity from this point is 

A + B + C + D, &c. 

3. In genera], the distance of the centre of gravity of any system of 
bodies from a g^ven plane, is equal to the sum of the products of all the 
masses, into their distances from the plane, divided by the sum of the 
masses. 

Cor. If any of the bodies in this and the last Art lie on the other side ' 
of the point or plane, their distances must be reckoned negative. 

4. Any nufhber of bodies being given in position, to find their centre 
of gravity. 

The bodies must be referred to three planes given in position, cutting 
one another at right angles, one of them horizontal, and of course the 
other two vertical Let the bodies be A, B, C, D, their distances from 
the given hdirizontal plane, a, 6, e, d ; their distances from one of the ver- 
tical planes a', b', c', d', and from the other a", 6", c", d" ; then if we 

♦ , _ Aff + Bft + Cc + Drf ^, . . ,^ ,^. 

talie jc — 7^ p T /^ . T\ — > ^'^ centre of gravity of the system 

U in a horizontal plane at the distance a* from the given horizontal plane. 
Aj?ain take x' - lfl±^4^^~ti— and the centre of gravity is 

in a plane parallel to the first of the two vertical planes, and distant f^om 
)X. by the line x\. Lastly, take in the intersection of these planes a point 
^5J 
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mutant from the spcoud vertical plaue by a quantity a'" = 
A a" -f B 6" + C c" + D d" 
a" 4_ b -i- C o. D * * point mil be the centre of gra- 

Tity of the given bodies, as is evident from the last Art 

5. If a body be placed u|^n a horizontal plane, and a line drawn £r<Mn 
its centre of gravity perpendicular to that plane, the body wiU be son- 
taincd or not, according as the perpendicular falls within or without the 
base. 

6. If a body be suspended by a point, it will not remain at rest till the 
centre of gfravity is in the line which is drawn through tbat point per> 
pendicular to the horizon. 

Cor. Hence to find the centre of gravity of any plane mechanically, 
suspend it by a given point in or near its perimeter, and when it is at rest, 
draw across it a vertical line passing through that p<Mnt. Suspend it in 
like manner by another point, and draw a vertical line as before. The 
intersection of these lines is the centre of gravity of the plane. 

7. If any momenta be communicated to the parts of a system, its cen^ 
tre of gravity will move in the same manner that a body e^nal to the 
sum of tlie bodies in the system would more, were it placed in that oeii> 
tre, and the same m(HBenta ecMnmunieated to it in the same ^ecti<Mis. 

8. In any machine kept in equilibrium by the action of two we^ht6,^if 
an indefinitely small motion be given to it, the centre of gravity of tiie 
weights will neither ascend nor descend. 

9. FormulsB for finding the centre of gravity of a bodyixuisidered aa an 
area, solid, surface, or curve. 

Let or, y, and z, represent the abscissa, ordinate, and curve, D = dis- 
tance of vertex from the centre of gravity ; then 

_ fLyxdx 
Foranarea.D=-^|-p^^. 

fL,ytx dx 
For a solid, D = / ^ , ^ . 

u,y^ ax 

Fca: a surface, D = ^^ J • 

XL y OiX 

tL xdx 
For a curve line, D = •. 



Ex. 1. In a triangle and conical surface, let a be the line ftwaa. the ver. 

2 a 
tex bisecting the base, then D = -^. 
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2. In parabola, D = -r altitude. 

4r 

3. In a H circle distanoe from eentre = -^ — • 

la 

4. Ia a eydoidj D = yg-. 

5. In a sector of a circle, distance from centre = % - 



arc 



7. In cones and all regular pyramids, D = ^ altitude. 

8. In a paraboloid, D = ^ altitude. 

9. bl|i sphere aad ^ spheroid D =: ^S-, 

la In the sorfocfi of a % spfcere, t> ==^ ^• 

CBNTRE of Gffratwm. 

Lat Ay B, C, &«. be the bodies, M the partieksB of Which the bttdy i» 
compoNMi, S the point rottti which the pMrtieles rey<dTe« D = dlstaiMO 
Of^w eentre of gyratien from t^ axia, then 

n_ // Ax»A«4.Bx8B«4.CxSCt->.&C A 
""VV A + B^^Cx&c J 

JEr.l. In a Straight line, D= ^::^litfc. ^^ I "^ i "^ 

2. In a circle revolving in its own plane, round its centre, or in a cy- j 

3. In the periphery of a drde revolvilig alnrnt Its diameter, D = --rr 

V« 
r 
4 In the i^ane.of a circle revolfik^ rdund its diameter, D = 7. 

& Ul 8 spRen tevolvitif rmad its diameter D = r ^1 ^ Tc^^^yUl^ 

0. In tlie surface of a sphere, X^^r sf^. /* X^S^^J — 
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xis, D = r V -^. 



7. In a rone about it<? axis, . ,, 

CENTRE o/ Oscillation. 

1. Let D = distance of the point of suspension from the centre of os- 
cillation, 5 = distance from the centre of gravity, then 

A -f S A« + B ->■ S Bg -f C -f S C« 4- &p. 
(A + B + C+&c.)xi 
Or if d* be the differential of the body at the distance x from the axis^ 

_ fl. X* ds- 

2. If S be the point of suspension, G the centre of gravity, O the cen- 
tre of osriflation, 

G O varies as s^: 

Cor. If O be made the point of suspension, S will be the centre of os- 
<dllation ; or the centre of oscillation and the point of suspension are con- 
vertible. 

3. If R be the centre of gyration, 

SG : SR :: SR : SO. 

2 L 
£x. 1. In a straight line, D = — -. 

2. In an isosceles triangle vibrating ffat ways, D = ^ alt. 

5 

3. In a circle flat ways, D = t r. 

4 

4l In a paraboltt fiat ways, D = -»- <^t. 

2r' 

5. In a sphere, D = a 4. -rr- (a = distance of the point of suspension 

from the centre of the sphere.) 

m 

„ r tA * . . (**ad. of base) 

6. In a cone, D = — axis 4. -^ — ^ — ; . 

5 5 axis 

7. In a circle vibrating edgeways, D = ■— »-. 

«. -, .. r . 1 , »^ Snrc X rad. 

». In a sector of a circle edgeways, D — — - — r — r — . 

" -^ 4 chord 

0. In a rectangle edgeways, suspended by one angh*, D -^ % diugoua 1 
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5 
10. In a parabola edgeways, suspended by the vertex, D = ~ axis + 

— parameter. 

To find the centre of oscillation practically, siup^nd the body freely 
by the point of suspension, and make it vibrate in small arcs, counting' 
the vibrations it makes in any given time, as one minute. Call the num- 
ber in a minute n, then will the distance of the centre of oscillation be 

140S50 

— T— inches. For a still more accurate method— -#^c Captain Katefs 

Paper in the Phil Trans, for 1818. 

CENTRE of Percussion. 

When the percutieut body revolves about a fixed point, the centre of 
percussion is the same as the centre of oscillation. But when the body 
moves with a parallel motion, the centre of percussion is the same as the 
centre of gravity. 

CENTRE ofPresmre. 

Centre of pressure of a fluid against a plane, is that point against whidi 
a force being applied equal and contrary to tiie whole preseure, it will 
siJtain it, so as that the body pressed on will not incline to either side. 
This, according to some writers, is the same as the centre of percussion, 
supposing the axis of suspension to be at the intersection of this plane 
with the surface of the fluid ; while others assert, that though the dis~ 
tance of this intersection from the centre of pressure is the same as ttiat 
of the centre of percussion, yet that they do not in general lie in the same 
line, and consequently are not the same point The centre of preisore 
upon any plane parallel to the horizon, or upon any plane where the 
pressure is uniform, is the same as the centre of gravity of that plane. 

CENTRIFUGAL Force.^See Central Farces. 
CENTRIPETAL Force.~*See Central Forces. 

CERES. 

This planet was discovered by M. Fiassi,of Palermo, Jan. 1,^801. For 
its elements, Scc-^see Planets, elements of. 

CHANCES, doctrine of^( Wood.) 

1. If an event may take place in n dilBTerent ways, and each of these be 
equally likely to happen, the probability that it will take place in a speci- 
fied way is — , certainty being represented by unity. 
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2, If an event may hi^pen in a ways, and fail in b ways, any of these 
being equally probable, the chance of its happening- is ; and the 



chance of its failing is 



a + 6" 

Ex. 1. The probability of throwing an ace with a single die in one trial 

1 5 

is -^ ; the probability oi not throwing an ace is — ; and the probability 

2 
of throwing an ace or a deuce is ■^. 

Ex. 2. If M balls a, ft, e, d, &c. be thrown promiscuously into a bag, and 
if two bidls be drawn out, the probability that these will be a and 6 is 

2 

n(n ~li)' 

3. If two events be independent of each other, and the probability that 
one will happea be —, and the probability that the other will happen 

wfm 

I the probability that they will both happ«n is 



n ntn 

mn — 1 



X^ar, 1. The probability ^at both do not hi^pen is 
Cor. 2. The probability that they will both fail is 



tnn 

(m-1). (»~1) 



mn 
Cor. 3. The probability that one wUl happen, and the other fail, is 

m<4.n — 2 



ntn ^ 
Cor. 4. If there be any number of independent events, and the proba- 
bilities of their happening be — , — , -- &c. respectively, the probabi- 

tn n r 

lity that they will all happen is &c. Wlien w = n = r &c. the 

vinr 

probability is , v being the number of events. 

Ex. I. The probability <rf throwing an ace and then a deuce with one 

***** 36* 

Ex. 2. If 6 white and 5 black balls be thrown promiscuously into a bag, 
the probability that a person will draw out first a white, and then a black 
57 
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3 * 

ball, is -j-r. Aud the probability of drawing a wliite ball, and then two 

4 
black balb is s^. 
33 

Ex. 3. The probability of throning an ace M-ith a single die in two trials 

4. If the probability of an event's happening in one trial be . , the 

probability of its happening t times exactly in n trials is 

n— 1 n— 2 n — ^4-1 **»-' 
n . —^ — . — = — ...... T-i — a 



(a + 6)« 
Cor. 1. The probability of the event's failing exactly t times in n trials 

n— 1 It — 8 n — « + I "-' * 
»» • "T" • -3- 1 * * 



Cor. 2. The probability of the event's happening at least t timet in n 
trials, is 

n n-i n-i''*"*« 
a + na b-\-n. — - — a ^ to » — ^ + 1 terms. 

(a + 6)» 

5. In astronomical or other observations, let a, 6, c, <f, &c. be the dif. 
ferences between the mean of the observations, and the observations 
themselves; n the number of observations ; r = 3.14159 &c ; then the 
mean error, or the greatest probable ftrror is 

V(«. + >. + « + &0 
n ^ x 

& Let n be the number of times an event has happened, where n is 
very large, then the chance that the same event will occur again is 

■ 1" . Thus supposing 5000 years the greatest antiquity to which his- 

tory goes back ; then the probability that the sun will rise to>morrow is 
4826214 to \.^(La Place.) 
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CHRONOLOGY. 



A short Chronologicaf TABLE of rfimarkahh difrovrrus and inventhns, 
and (if the most eminent Mathematiciam and Philotophers. 

B, C 

First eclipse of the moon on record, observed at Babylon 720 

Thalefl predicts an eclipse -*««. ^.^ ««.^ „^^ 600 

Anaximander, f^Iobee and maps OOCt, 

Anaxagnras, eclipse— Pythagoras, astron. 590 

Plato, geom.— Meton, Metonic cycle -,-»«. *»^ ^^.^ 430 

Aristotle, Eudoxus -.^ ,*^ *.^ 300 

ObMquity of ecliptic first obeerred .«^ „*^ ^^^ 350 

A transit of the Mo<m over Mars observed .«^^ .„«^ 3S7 

Enelid, geom. «^^ .«««. «,w- ««-- ,««, „««». 300 

Papirius Cursor, first snn dial at Rome „,^ •««« 298 

Dionysius, Astron. .Sra **m^ ,m^ «,w- .,*« 286 
Apollonios, Archimedes, Aristarchus, Eratosthenes, 

aOOnt ■rr**» MOM «#IMW MWn* ««MV «>MW« 270 

Hipparchiis, the father of Astronomy .m«^ «««m 162 

A. o. 

Ptolemy, Almagest^ bom w«~ «.«» «mm«* »««a, 00 

Diophantus, analysis «».»« „^^^ m««* mmv »«»«» 280 i 

PapptM and Theon .^^ ..^^ .,,^ ««^ «,««« 380 

Proclus, Diodes, about .«^ ««— ,,^ -««. 500 

Figures employed by the Arabs «,-^ ,**«, -»-*, 813 

A conjunction of all the planets observed, Sept. 16 .v— U8tJ 

Alphonso, Astron. tables— Bacon R. w«^^ ««~ 1250 

Figures employed in England «^ „^^ „^^ 1253 

Mariner's compass said to be used at Venice »««• 1260 

A clock at Westminster Hall ••^^ ,«««,< .«,^ 1288 

Spina invented spectacles at nsa .«m. «»»m .«^ 1299 

Windmills invented ..«.«• ,,«^ „.m«« «,««• •«.«. 1299 

Gunpowder invented ...w. ««— .»««« «.««.. *«««.* 1330 

Decimal arithmetic introduced «,««, „.»^ •»«». 1402 

Printing invented by Faust m»~i »»»^ »**** •»<'<«» 1441 

Made public by Gutenbei^ ^**** ***** ***** ***** 1458 

Regiomontanus or MuIIer, astron. ***** ***** ***** 1460 

Watches made at Nuremberg ***** ***** ***** 1477 

First voyage round the world by Magellan ***** ***** 1582 

Variation of the compass by Cabot ***** ***** ,m«^ 1540 

Copernicus, Cardan, Vieta, about ***** ***** ***** 1550 

Dip of the magnetic needle observed ***** ***** 15'«6 

Telcstopctt discovered by Jansen ^t^r* ***** ***** 1590 
30 D2 
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Tycho Brahe, Bacon, Galileo, Kepler, Des Cartes *«-^ 1(W6 
Thermometers invented by Drebel ^***» ^^^ *««* 1610 
Napier, logarithms «««» .^««. ^^^ ^^.^ .^^^ 1614 
Vernier's index made known ^.^^ ^^^^ „^**» 1631 

Casslni observes a transit of Mercury „««w ..^^ 1636 

A transit of Venus first observed by Horrox ^ »»-^ 1639 
Barometers by Torricelli «,«^ «,«^ .^^ «.^ 1613 
Pendulum applied to clocks by Huygens .,,^^ „.,,^ 1&I9 
Cavalerius, Ferjnat, Pascal, WaHis, Hevelins .^^.^ 1650 

Air pump by Otto Guericke «,.^ ..»~ «.«^ ....^ 1653 
Hoyal Society established in London ^ .^^ ..w. 1062 
Foujodation of the Royal Observatory at Greenwich 1675 
Micrometer of Kircher ^ -<<-« «— «*«- *«««. 1677 
Newtonian Philosophy published »^^ ..^ ««^ 1686 
Savery had invented steam engines ««^ .«^ .,^w« 1696 
Bemouilli J., Barrow, Hooke, Leibnits, Reaumur, 

Flamstead, Picard, Cotes, Taylor, Halley, 1650 to 1700 
A'berration of light by Bradley „^*^ „»»^ .m«~. 1787 

Achromatic glasses invented ,^^^», .^^^^ ,»««. *,.^ 1729 
Franklin, identity of lightning and electricity .~ »«»~ 1747 
Harrison, time pieces ^ ^.^^^ .^^^ «.«^ .^^^ 1750 
Clairaut, Maclaurin, De Moivre, Simpson, Bongner, 

Bemouillis, Dollond, Manpertuis «.«^ .^^^^ „^^^ 1750 
New stile introduced into Britain ««^ ^.^^ .^.^ 1752 

Galvanism 1791 

Telegraph invented by th« French .,««^ .,*^** »,^^ 1794 
D'Alembert, Eulcr, linden, Lalande, Maskelyno, 

Waring, &c. .--» --— firom 1750 to 1900 

For a List of the most remarkghle JSras— jree Mra. 

CIRCLE Equations to. 

1. Let X and y be rectangular 'Coordinates ; then if the origin be at the 
centre, 

p z= N/rf — T«- 

If at4;he extremity of the diameter, 1 

————— ' 

y = '^2 r X •— Jc*- i 

And in general if jt', tf be the coordinates to the centre, the equation 
Is, when the axes are rectangular, * 

IIpnr#» every equation of t»v* dimensions of the form A:r* + A//« -}. 
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BjT + Cy + D = o, where the coeflBdents of xt and yt are the same, 
and the term involving xy is wanting-, is an equation to the circle j as 
for example 2y» 4. 2x8 — ly — ^x-^l =0. 

2. When the circle is considered as a spiral, let a = distance of the 
centre of the polar coordinates from the centre of the circle, y = rad. 
vect p = perpendicular on the tangent j then 

V 2r 

When the pole is in the circumference, 

CISSOID of DiocleSf EgtiationSf 8fc. to. 



Or, when considered as a spiral, 

2 a sin.s Q 



i — 



cos 9 



'Subtangent^ -^^-^^Lnfl. 
* 6a — 2jr 

. _ 3*a« 
Area — = 3 area of the generating semicircle. 

Content of 8oUd = — ir (^ ~ 4. a a-t + 4 a» jr — 8 <r« log. . ^ ^ A 

which is infinite when jt = 2 a. 

CLEPSYDRA.— See Fluids, discharge of. 

CLIMATR— S5?e Atmosphere. 

CLOCK, to correct going of — See Pendulum. 

CLUSTERS ofStars.^See Nefyul<e. 

.COHESION, or Attraction of CoJtesion.-See Elastic Bodies, equilibria 
umof. 

COINAGE.— 5c« Monei/. 

COLD Artificial.-^See Frigorific Mixture*. 

COLLISION of Bodies.^C Wood, WheweU.) 

I. Of the impa4^ of perfectly hard bodies. 

i. Let A and B be the quantities of matter contained iji two perfectly 
fix 
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hard bodies, a and b their velocities before impact, v tke common relo> 
dty after impact, tiien 

_ Aa ± BA 

4. or — , acemrding as they more in the same or opposite directions be- 
fore impact 

Cor. 1. When the bodies are equal, v = ~T . 

A a 
Cor. 2. When B is at rest or 6 = o, » = 



A4.B 

2. In the direct impact of two perfectly hard bodies A and B, if g- = 
velocity gained by B, and / =. velocity lost by A after impact ; 



A . a % b 
^ ~ A-fB " 



H . a'Th 

and / = ^^• 

A + B 

— or -f-» according as they move in the same or opposite directions. 
Cor. g ^ I = a Ti b. 

II. Of the impact of perfectly elaHie bodies. 

1. liCt r = relative velocity of two bodies = a X *» according as they 
move in the same or opposite directicms, g = velocity gained by B in the 
direction of A's motion, / = velocity lost by A in that direction i then in 
the direct impact erf two perfectly elastic bodies, 

2 Ar 



g = 
and/ = 



A + B' 
2Br 



A + B' 

Cor. 1. If A =^ B, B's velocity after impact = a, and A's velocity = 
+ ft, i. e. the bodies interchange velocities. 

Cor. 2. In the congress of perfectly elastic bodies, the relative velocity 
after impact = the relative velocity before. 

Cor. 3. If a' and 6' be the velocities after impact, 

A a« + B d« = Ao'« + B &'». 

Car. 1. If there be a row of elastic bodies A, B, C, D, fic. at rest, and 
a motion communicated to A, and thenn to B, C, D, &c. ; then, if the 
bodies arc equal, they mil all remain at rest after impact, except the last. 
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which win move off with a velocity equal to that with which the first 
moved. If they decrease in magnitude, they will all move in the direc- 
tion of the first motion, the velocity of each succeedii^ body being great- 
er than that communicated to the preceding; and the contrary, if the 
bodies increase in magnitude. 

Cor. 5. The velocity thus communicated from A through B toC, when 
B is greater than one of the two A & C, and less than the other, exceeds 
the velocity which would be communicated immediately fr<^ A and C -, 
and is a maximum when B is a mean proportional between A and C. 

Cor. 6. If there be n bodies in geometrical progression, whose common 
ratio is r. 

Velocity of first : velocity of last *. : (1 + r)** " * : 2 ** " * 

Cor. If the number of mean (Mroportionals interposed between two 
given bodies A and X be increased without limit, the ratio of A's velo- 
city to that communicated to X approximates to the ratio of V X : 'sTK.. 

IIL Of the impact of imperfectly ekutic bodies. 

1. In the direct impact of two imperfectly dastic bodies A and B, if the 
compressing force be to the force of elasticity ll I : e. 



^ " A+B ' 



, , 1+ e . Br 
"»^ ^ ^ A + B • 

Cor. 1. The relative velocity before impact : do. after : : 1 : e. 

Cor. 2. lu imperfectly elastic bodies A at -^ B 6^ is greater than A a'* 
4- B b'*^CSee last Art. Cor. 3. J 

Cor. 3. If there be n imperfectly clastic bodies in geometrical, progres- 
sion, whose common ratio is r. 

Velocity of first : velocity of last ;: (I + r)" " * : (1 -^ef ' '• 

IV. Of the in^xtct of bodies against immoreable planes. 

1. When a perfectly hard body impinges obliquely on a perfectly hard 
immoveable plane, after impact it will move along the plane, and velocity 
before impact : do. after : : radius : sin. of Incidence. 

2. If the body be perfectly elastic, the ^ of incidence = ^ of reflection ; 
and velocity before incidence = velocity after. 

3. If the body be imperfectly elastic, the velocity before im-idcurc : 
velocity after reflection :; sin. of ^i of refleetion : sin. i of incidence i 
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and compressing force : force of t'laaticity ;; tan. l_ rotl«M:tion ; tan. / 
of incidence. 

4. If an imperfectly elastic body fall from a jyiven distanee a upon an 
immov«»iiWe plane, the whole spmx' described, from the beg^nnliig' to the 
«^ud of the motion, is 

^ X a. 

And the whole time of tke txidy's motion ii 



1^ X //1| (5- = 3^!^ feet) 



9 
COMBINATION&— Se«? PermtUationt. 

COMPASS^ points of. 

To reduce pomU of the cfmpms to degrees reckoned from the meridiem , 

and eonmrsetff. 



N.E. 
Quadrant 


8. E. 
Qusidrant. 


Points. 


D. M. 


Quadrant. 


Quadrant 


N. 


S. 





0. 0. 


S. 


N. 


N. byE. 


S. by E. 


1 


11. 15. 


S. by W. 


N. by W. 


N. N. E. 


S. S. R 


2 


23. 30. 


S. S. W. 


N. N. W. 


N. E. by N. 


S. E. by S. 


3 


33. 45. 


S. W. by S. 


N. W. by N. 


N.R 


S.E. 


4 


45. 0. 


S.W. 


N.W. 


N. E. by E. 


S. E. by E. 


5 


56. 15. 


S. W. by W. 


N. W. by W. 


E. N. E. 


E.S.E. 


6 


67. 30. 


w. s. w. 


W. N. W. 


E. by N. 


E. by S. 


7 


78. 15. 


W. by S. 


W. by N. 


E. 


E, 


B 


90. 0. 


W. 


W. 



COMPASS, variation and dip of-— See Variation. 
CONCHOID ofNicomedeSf Eguations to, Sfc. 

Or, referred to the centre of revolution of its generating line f, the 



equation is 



a 



+'b. 



/ ^ COS. B 
Area = J ft X (arc of qut^drant — arc rad, h Si sin. y -f ^ \ — ^-~ J 



iHd 
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CON 

Content of the whofe solid, formed by a revolution round the asymp- 

2b 



tote 



, = Tft«x(i5raX-^). 



CONDENSER.— Sec Pump condensing. 

CONDITION, Eguatioru of.-^See Equatiotu 

CONE.— JEyMflrfion to the section of a right Cone.^Frane<Bur.J 

Let the vertical angle of the cone = ;3, the angle which the cutting- 
plane makes with the side = «, and the distance of this plane fk-om the 
vertex =. e, then the eqiiati<ni t6 the sectiim ia 

sin. « 



y = 



eos.«£ 



f cxsAa. /8 — or* sin. (<t+;3) Y 



Cor. 1. If » + /3 be less than \SQfi, or the plane cut both sides of the 
cone, the section is an ellipse. 

Cor. 2. lf» + fi = 1800, or the plane be parallel to the side, the sec- 
tion is a parabola. 

Cor. 3. If » + /3 be greater than 180o, or the plane cut the opposite 
cones, the section is an hyperbola. 

Cor. 4. The | m^or and | minor axes of the ellipse and hjrperbola are 

csin./3 , csin. |3 ,. . 

2sin. (a-h/g/ ^* s ^«i°- * «*».(- + /^)- 

2 cos. ^ sin. (a + /S) 

Cor. 5. The lat. rect, of the parabola = 4 c sln»« —. 

Cor. 6. The parallel and subcontrary sections of an obliqne cone are 
circles. 

CONGELATION.— See Heat. 

CONGELATION, poind ofp€rpetual.^See Atmosphere, 

CONIC SECTIONS, i>ropcr«e»o/: i 

Parabola. \ , ■' 

Latus rectum or L = 4 S A. ' ') 
TN = 2AN. 

SYt = SP. SA:i. e.»= V"«T. •* « "• • ' 

Qo« = 4SP. Pr. ; \ 
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C O 2? 

S P = ' . ^ ^ ^ . ■ or = _?Ai-, where 6 -I trarod out by 
1 + COS. d B - 

2 COS.* -r 

rad. vect. S P. '^ 

Ch. curv. = 4 S P. 



O^'iA'' r 3 '^V' % "^ ^ 



Diam, curv. = -p=. ' C^^o^^ , ^ ..i . x.,{^^ 

Equation to the curve if*= ax (a z= L). 

Note.m^The general equation to a parabolic curve is a** " y zzx^' 

If » = 3, it is called the cubical parabola. 

3 
If n =r — , it is called the semi-cut)ical parabola. 






. 1 '^ " . 



SP4.PH=2AC. 

AS. SM = BC«. / , 

_ 2BC» jv ' 

P H* V 2a-r 

SP. PH = CD». 
A C« + C B» = C P« + C D«. 
A C. C B = C D. PF, or if the perpendicular P F be called P,. 

\/a« + 5« — j« 

_ _ Pr.oG X CD« 
g M - g-p5 . 

— — — s c 

B C = a v' 1 — c«, where e = eccentricity = — — ; 

A L 

CP-— — *— . - l—L-J^— 

^ (I _e« co8.« ^ ~ 'v 1 -»c« COS.* e* 

p _, *! L = g(i-g«) 

a " 1 + e COS. Q 1 + e cos. fl ' 

2 C D* 
Ch. curv. through centre — ^ p . 



Ch, cnrr. through focus = 



C O If 

gem 

AC • 



Diameter crurv. = ^ .^ , or = L X 5^575. 

P F S x^ 

Equation to the curvo, when referred to its principal diameters'. • 
And when the coordinates originate at the vertex. 

Or ^ = — |- (a* — :r«) when the origin ia at the centre. 

Hyperbola. 
HP — SP = 2AC. 
AS. S M = B C«. 

2BC« ^ ' 

S P. P H = C D«. 

A C« — C B« = C P« — C D«. 

ab 



A C. C B =• C D. P F, or P = :. 

^ . Pp. i»GXCD« 
Q t;« = C^PS • 

B C = o V(«* — 1) 

6 / e« ^ 1 

^ ^ - V(«* ««•* fl — 1) ~ '"^ e« co8.« fl^TT' 

SP = ^ - ^ _ «(<?«-!) 



a' 1 •4.6 COS. l + ecos. 0' 

^1. *i. L ^ 2CD« 

Ch. curv. throogh centre = —jrs — • 

2CD« 
Ch. curv. througli focus = — aq '' 

_. 2CD« - SPS 

Diam. curv. = — ^r?;— or = L. 
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coo 

Equation to the curve, when referred to its principal diameters, 

^ — £! - 1 
b» a« ~ 

*"• ;p - -p = - '• 

b* 
And when the coordinates originate at the vertex, y* = — (2 a a- -f 

ATJ). » 

b^ 
Or^ = — (a* — o*), when the origin is at the centre. 

Equation to the hyperbola, when referred to its asymptotes, isxy = 
a« + 4« 



4 



-, where y is parallel to the other asymptote. 



a* 
If the hyperbola is equilateral, xy — -5- 

The general equation to an hyperbolic curve \^yx'"'=. 0** + ' 

^o<t.— -The general Equation to the Conic Sections, referred to their 

axes is 

^■=.mx '^nx'^t where m is the latus rectum, and the conic 

section is a parabola, ellipse, or hjrperbola, according as n = o,or is nega- 

live, or positive. 

CONTACT of Cv/rves.-^(Higman.) 

Let there be two curves, whose equations are y = / (*), and y' - 
<p (x'), and suppose tiiem (I) to have a point in common, so that when x ^ 

x't y = y': (2) that x = x', y= y, and -^ = -^^ : (3) that besides 

d* V d* V' 
the preceding conditions ^-^ = , j^ and so on ; then will the dis- 
tance between the curves be infinitely greater in the first case, t^an it is 
in the second ; infinitely greater in the second than it is in the third ; and 
so on continually. 

CONTINUED Fractions.— See Fractiom. 

COORDINATES Po/nr, to find the relation hetu^en.—C Higmcm. ) 

If the relation between the rectangular coordinates x and y in any 
curve be given, that between the polar ones j and B may be determined j 
and conversely. 

For X = i COS. By and y = ^ sin. 0^ substitute these values in the given 
equation, and the polar one will be found. 
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CUB 



Ha'. 



Lotyt — 



jr8 



a — J" 



By suljstitutiou 



* a— fcos. fl 



. a sin.« 9 z= ^ cos. 8 X (sin.'« 6 + co.s.« 0) = § cos. </ X 1 



a X sin.« 9 
'• i — — 



fas. d 

CORDS, Hrength of.—CGreg&ry.) 

The beet mode of estimating the strength of a cord of hemp is to mul- 
tiply by 200 the square of its number of inches in girth, and the product 
will express in pnnnds the practical strain it may be safely loaded with. 
For cables, multiply by 120, instead of 200, The ultimate strain is pro- 
bably 4onble tills. 

For th? utmoit stren^h that a cord will bear before it breaks, a good 
estimate will be fou»d by taking y- of the square of the girth of ttie cord, 
to express the tons it wVil carry. This is about double the role for prac- 
tice just given j and la, even for an ulterior measure, too great tot tarred 
cordage, which is always weaker than white. 

In cables, the strength when twisted, is to the strength when the 
fibres iM-e parnJHel, as nbout S to 4. 

ThefoUowing is the breaking strain^ by experimenty in the best bower ca- 
bles at present employed in the British navy. — (Encyc. Metrop.J 



liikzed, ctf com. 
in inches. 



iJ3 
SI 
18 



No^J^ureadd 
in each. 



2736 

1656 

1080 



Breidung 

strain. 



TONS. 

lU 

89 

63 

40 



From the experiments of Mr. Labillardicre, it appears, that if wc call 
the stn'ngth of flux 1000 j that of the Ara<»rican aloe will be 596 ; of hemp 
l;i90 i of New Zealand flax Um ; and of silk 289*.— r Young's Nat. Phil) 

COSINES, /^wre of. —See Figure. 

CUBATURES of SoHds.—See Solids. 

CUBE Roots of Numbars.-Sec Involution. 
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CURVATURE radius. of, in any curve ^ whose equation is given! 
Let x,yy and x represent the abscissa, ordinate, and curve, then 

^"^ = -dxdty (''^•*^^"'^ ^"«*^*^ = ZldTy C ^ + tSt) 

i^or ^Ac CwrtMrfMrc of SptraU^-^see Spiral. 

CYCLE. 

A circulation of time between the returns of the same event 

Cycle of the sun, a space of 28 years, in which time the days of the 
month return again to the same days of the week, and the son's place to 
the same degrees of the Ecliptic on the same days, so as not to differ 1® 
in 100 years ; and the leap years return agtdn in respect to the days of 
the week on which the days of the months faU. To find it, add 9 to the 
given year of Christ, and divide the sum by 28, and the quotient is the 
number of cycles elapsed since his birth, and the remainder is the cycle 
for the given year ; if nothing remain the cycle is 28. 

Cycle of the moon, or golden number, a revolution of 19 years, in which 
time the conjunctions, oppositions, and all other aspects of the moon, 
return on the same days of the months as they did 19 years before, but 
about li hours sooner. To find it, add I to the given year of Christ, and 
divide the sum by 19, and the quotient is the number of cycles elapsed 
from the birth of Christ, and the remainder is the cycle for the given 
year, or the golden number j and if nothing remain, 19 is the cycle. 

Cycle of ludiction, a revolution of 15 years, but has no dependance on 
the motions of the heavenly bodies. It was used by the Romans for in- 
dicating the times of certain payments made by the subjects to the re- 
public, established by Constantine, A. D. 312. To find it, subtract 312 
from the given year, and divide by 15. 

JuUan period. From the multiptiration of the Solar cycle of 28 years, 
into the Lunar of 19, and Indiction of 15, arises the Julian period of 
7980 years, in which time they all return again in the same order. The 
Julian'period, commencing before all the known epochs, is, as it were, 
a common receptacle of them all, and to which they may all be reduced 
(see Mra.) To find it, add to any year of Christ, 4713, and it gives the 
year of the Julian period j or subtract for any time before Christ. 
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CYCLOID, principal propertiet of. 

1. Circ. arc E G = G C. 

2. Tangent at C is parallel to the 
chord E G. 

a Cycloidal arc E C = 2 chord 
EG. 



r .<^ 


T\ 


/A 


A D B 



4. Area of cycloid = 3 times area of the geaerating drcle. 

d. Solid generated by the revolution of the cycloid about its base A B : 
Its circumscribing cylinder :: 5 : 8. 

tt. Centre of gravity of the whole cycloid = ■§ of t^® *^8 -from the 
vertex. 

7. Rad. curv. at E =2 D E. 

8. Equations to Uie cycloid ; put a = diameter E D ; .r and y the co- 
ordinates E K, K C ; z =z arc E C j «' := arc E G ; tiben 

d z = a' x"' dx. 

and y = ar' -H Va * •* *«. 
For the oscillation of a body in a cycioidi tee Pendulum. 
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DAMS.— 5ec Ffuid^. 

DATEa— See Chronology. 

DAY oftlie week to find.— -See Ddtninical Letter. 

DAYS, length and increase of, Sfc. 

TABLE, 

Shelving, with sufficient accuracy for common purpotes, the length and 
increase of the days in this country, at different seasons of the year, to- 
gether tcith the beginning and end of twilight. 



JANUARY. 


FEBRUARY. 1 


Days. 


Length 
of Day. 

7. 50 


Day 
inc. 

0. 6 


Day 
breaks 

6. 


Twi. 
ends. 


Days. 
1 


L<^ngth Day 
of Day. inc. 


Day 
breaks 


Twi. 
end*. 


1 


6. 


9. 4 


1.20 


5. 31 


6. 29 


6 


56 


12 


5. 58 , 2 1 


6 


20 


36 


21 


37 


11 


8. 6 


22 .>! 


6 


n 


40 


56 


16 


45 


16 - 


16 


32 


49 


11 


16 


58 


2. U 


7 


51 


21 


SO 


46 


44 


16 


21 


10. 16 


32 


4. 58 7. .SI 


26 


U 


1. 38 


22 


26 


38 


52 


49 12 1 
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D A V 



MARCH. 



01^1 Day I Tm'I. 



APRIL. 



Length 
ofD>y. 



Days. 


Length 
ofD*y. 


1 


10. 48 


6 


11. 8 


11 


28 


16 


48 


21 


12. 8 


26 


20 




12. 50 

13. 10 
30 
50 

II. 8 
26 



Day 
inc. 

6. 6 
26 
46< 

6. ^ 
24 
42 



IJay 

»XttWU 



3. SS 

21 

8 

2. 51 

40 
26 



endfl. 



a 26 

40 
58 
9. 7 
21 
3* 



MAT. 



JUHE. 



Days. 



1 

11 
16 
21 
26 



Length 
<rfD»y. 



14. 44 

15. 2 
18 
34 
46 

1& 



Day Day TwL 
jnp. 

7. 



InreeKfi enda> 
T~7 



18 
34 

5P 
& 4 



1. 52 
30 

7 



a. 32 m. 48 



Days. 



9. 55 
10. 10 
33 
56 



IfflNereainig^t 



1 
6 
11 
16 
SI 
26 



Le^gthiDayl Day j Twi. 
break*! ends. 



of Ctey . 

16712' 
22 
28 
32 
S4 



■Van/* 



8.28 
38 
44 

48 



54 90 



No real night 
b«t constant 
day or t>vi 



50 light 



JULY. 



AUGUST. 



Days. 



1 

6 
11 
16 
21 
26 



Length 



1& SO 

24 

16 

6 

15. 56 
42 



Bay 

a 4 
10 
18 
28 
38 
52 



breaks 



T5^ 



Days. 



No real night 
0. 44 111. 14 



1 
6 
11 
16 
21 
26 



Length 
o f Day 



Dayi Day 
d»e, Ibreaks 



15. 24 
8 

14. 50 
34 
16 

la 56 



1. 10^ 1. 22 
261 42 
4412. 

2. 18 

18 33 
38 48 



Twi. 
ends. 



la 35 
15 

9. OT 
40 
25 
10 



SEPTEMBER. 


OCTOBER. 


Days. 


Length 
of Day. 


Day 
dec. 

a 


brealbi 


Twi 
ends. 


Day*. 


Length 
of Day. 


Dayj 
dee. 

4.50 


Day 
breaks 


1 


13. 34 


a 5 


a 54 


1 


U. 38 


4. 17 


6 


16 


18 


19 


40 


6 


18 


5. 16 


23 


11 


12. 56 


38 


32 


87 


11 


10. 58 


36 


38 


16 


86 


58 


43 


16 


16 


38 


56 


46 


21 


16 


4.18 


54 


5 


21 


20 


6.14 


57 


26 


n. 58 


S6 


4. 5 


7. 5* 


26 





84 


5. 6 



Twi. 
ends. 



7,41 

31 

21 

11 J 

2 

6. S3 



NOVEMBER. 



Days. 



1 

6 

11 

16 
21 
26 



Length 
of Day. 

T^ 

20 

4 

a 48 

32 

20 



Day 
dec 

•7.14 
30 

46 

S. 2 

14 



Day 

breai^ 

"Os 

22 

99 
35 
42 
48 



TwL 
ends. 



a 44 
37 
30 
24 
18 
12 



DECEMBER. 



Days. 



1 
6 
11 
16 
21 
'26 



Length 
of Day. 



a 8 

7. 58 
52 
46 
44 
46 



Dt»y 
dec 

OS 



Day 

breaks 



5. 54 

36 57 
42 58 
48 59 

sola 

5. 50 



T^i. 
ends. 



0in2 



a 
3 
2 
1 

1 

'■■' ■ g 
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•*t>£OREE, deeinutiparU •f.'^ee Tim«. 

DEGREES, 4r«. converted into Ttme.'^-See Time: 

DEGREES ofLatUudenntI Longihtde. 

TABLE of (he lengths of deferent degrees in fcUHonu^ computed tjf Cd. 
LcmJbtontfor every three degrees fi^om the Equator to the PoIc^PkH, 
Tr€ms. ISIS. J 



Lat. 


Decrees on the 
Meridian. 


Degrrees on the 


Degrees of 


Perpendicular. 


longitude. 





60459,2 


60848,0 


60818,0 


3 


60460,8 


60848,4 


60765,0 


6 


60466,» 


60850,1 


60516,8 


9 


60473,5 


60852,8 


60103,6 


12 


60184,5 


60856,5 


59516,7 


15 


60498,4 


60861,1 


58187,3 


18 


60515,1 


60866,7 


57887,7 


SI 


60534,3 


608;3,2 


5C830,0 


24 


60556,0 


60880,5 


556i8,l 


•27 


eO{W9,8 


60888,5 


54i;52,0 


SO 


60605,5 


60897,1 


527S8,4 


S3 


60632,7 


60906,2 


51('80,3 


S6 


60661,3 


60915,8 


49i81,9 


89 


60690,8 


60925,7 


47348,2 


4tt 


60721,8 


60935,7 


451=84,0 


45 


60751,8 


60946,1 


43095,4 


48 


60782,3 


60956,4 


40787,8 


SI 


60812,5 


60966,5 


38367,5 


54 


60842,1 


609^6,5 


35841,1 


W 


60870,7 


60986,1 


33il5,4 


60 


60898,0 


60995,2 


30497,6 


63 


60923,7 


610033 


27695,2 


66 


60947,5 


61011,8 


24815,7 


69 


60969,1 


61018,9 


218()7,2 


72 


60988,3 


610^5,6 


18957,9 


75 


61005,1 


61031/) 


157i«6,0 


78 


61018,9 


61035,8 


12690,1 


81 


610>9,9 


61039,5 


9518,7 


84 


61037,8 


61042,1 


6380,6 


87 


61015,6 


61043,7 


3194,8 


SO 


61044,3 


' 61014.3 





DEGREE French. 

The French usually divide the drcnmfkrenee of the drde into 40D»y 
eaeh degree into lOO*, and eadi minute intd 100^'. H^te if fi ^ nconfoer 
of Fnoidi degmes, 9ce. the eormpiMittttg nomber of EngUsli &e « -. 

R i I. e. from the numher we muftt subtract the same, after the deamal , 

point has been removed one place to the i^ ^ 
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Ex». What n amber of degrees, minates, &c. in the English leal* oofw 
Mpond to 710. 15'., and to 26'^- 0735, in the French scale. 



71.15 
7.115 


26.0735^ 
2.60735 


64.035 
60 


Sa46615 
60 


8.100 
60 


27.9690(^ 
60 


6.000 
W. 2'. 6". 

DEW.— 5etf Sain. 
DIALLING. 


68.14000 



In all Dials universally, the style or gnomon is parallel to the e«rth% 
axis, and, on account of the great distance of the sun, may be imagined 
actually to coincide with it. In like manner the dial plate is parallel to,, 
and supposed actually to coincide with, some great circle of the earth ^ 
and the hours may be conceived to be traced out by the shadow of tho 
axis of the earth (here supposed hollow) upon one of these great circles. 
Hence there may be an infinite namber of different kinds of dials, as 
they depend upon the position of the plane (on which the shadow of the 
earth's axis falls) with respect to 
the meridian and horizon. Thus 
If the shadow be received upon 
the Equator E Q, the dial is cal. 
led an Equatorial Dial ; if upon 
H R (a great circle of the earth 
in the plane of the horizon), a 
Horizontal one j if upon Z N, 
which is in the plane of the 
prime vertical, a North or South 
Dial, &c. &c. And in these 
three last cases, it is obvious 
that the shadow of the earth's 
axis, when the sun is on the 
meridian, or at 12 o'clock, will cut these several drcles in Q, R* and N. 
At 1 o'clock, or when the / Q P I is 150, it will cut them at 1, 1', 1" ; at 
t o'clock, or when the ^ at P is 30<», hi fe, 2', 2", &c j which are ,\ th« 
18 o'clock, 1 o'clock, 2 o'clock. &c. marks. 
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EqiuOorial Dial 

In tills Died, vince tlie sun moves uniformly 150 per hour, the ^i.'itt P, 
«iid consequently the arcs of the circle Q E, which measure t^em, w&l 
increase unifermly. Hence we have only to take from Q the area 1&*, 
S0>, 45<>,&c., and they will be 1 o'clock, 2 o'clock, 3 o'clock, &c., mark*. 
This Dial, unless graduated on both sides, will only shew the hours for 
the six summer months, viz. £rom the venial to the autumnal equinoXM. 

HorizontaZ Diak 

Here the arcs R 1', 1' 2' &c. are not equal, but mxist be calculated by 
the resolution of the right /A. As. P R 1', PR 2', &c., where R P 1' = 
lfl», R P 2' = 300, &c., then we shall have 

tan. R 1' = sin. lat. X tan. I5o. 
tan. R 2' = sin. lat X tan. 2 X 15*. 

%CC. &C. 

This Dial shews the hour throughout the year, whenever the sun is 
above the horizon. In order to fix a horizontal dial, find the time by ths 
«un*salt. when it is at or near the solstices, and set a weUx^tlated 
watch to that time ; then when the watch shews 12 o'clock, at that ixv 
stant set the dial to 12 o'clock, and it stands right 

Vertical North and South Dials. 

Here to find the arcs N 1", N 2", &c, we have in the eight ^d. A 
V N 1", 

tan. N 1" = cosin. lat X tan. 15». 

tan. N 2" = cos. lat. X tan. 2 X 15o. 

&c. &c. 

If P be the North Pole, this represents a South DiaL The construt- 
tion for the Vertical North Dial is nearly the same. In this Dial tha 
number of hours shewn in a day can never exceed twelve, which is tha 
■case at both the equinoxes ; at any other season of the year, the num- 
ber of hours shewn is less. 

To find whether a wall be fall south for a vertical south Dial, araet a 
gnomon perpendicular to it, and hang a plumb line from it ; then wiiMi 
-the watch shews 12, if the shadow of the gnomon cdncida with tbm 
l>lnmb line, the wall is full south. 
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Fertkal East Difil. 

Here the plane of the Dial is in the meri- 
4ft«ii, and the gnomon a parallelogram per» 
pcndicolar to it <aa represented in the Fig.) £y 
«b4 the shadows npon the plane will eri. 
Gently be all parallel to the gnomon, and to 
«Be another. Moreover, at 6 o'clock, the 
ran, being due «ast, will be in the plane of 
the gnomon, and .'. cast the shadow per. 
ptndiOilarlf upon the Dial or on Pp. To 
And the 7 o'clock mark, let S be the sun at 
that hour, and S F a ray proceeding from it cutting the Dial in 7 ; th0B 
In the plane right ^d. A C F7, C 7, = C F X tan. ^ C F7 = height of 
■tyle X tan. 15o. C8 = height of style X tan. 2 X 15o. &c ^milarly 
may be constructed a vertical West Dial. The East Dial will not shew 
One hour after 12 o'clock at noon, nor the West Dial before. 





General Problem*. 

1. Given the latitude of the place, and 
tiie position of the plane of the Dial, 
both with respect to the meridian and 
horizon ; it is required to find the ele- 
Tfttion of the style, the distance of the j^f 
«ab-«tyle frcHn tiie meridian, and the 
•re intercepted between the meridian 
end any other given hour line. 

Let B O A be the plane of the dial, 
given in position both with respect to 
the horizon H R, and tiie meridian P £ A C ; then in the right angled A 
B N R, the Zs- B N R, N B R are given, .*. B R may be found; but P R 
= latitude, .*. P B is known. Now let a plane pass through O P, and 
let it be turned about till it becomes perpendicular to B O A, and let it 
eat the circumference of B A in M, then P M is that meridian which is 
perpendicular to B O A, /. in the right angled A P M B, PB and / 
PBM ttre known, .*. PM = elevation of the style, and MB, the dls- 
taHee of the substyle from the meridian, may be found. Draw P T, 
MBkiDg an ^ of 15* with PB ; then will T be the 1 o'clock mark, and to 
And it we have PB, and BPT ^ 15*, and / PBT = supplement of 
K B R, .*. B T may be found, and so on for the other hours. 

S. To determine the carve, traced out by the extremity of the diadow 
4Bf ft verUeal gnomon on a horizontal plane.— r<2tfaul(fy.^ 



DIP 

Conceire % Hue A B to be tlM gnomon, A P the ehadow, A N the di- 
rection of the meridian shadove. Draw P N perpendicular to A N, and 
letAN = jr, PN=:y, AB=a,< = latitude of the place, Z ^ sun'tdt- 
«lination ; then 

_ ( cos.'/— sin. * J). «« 4. Sa sin. / cos. IxA. (sin.* / — sin.* >). at. * 
y*= sin.U 

Cor. If COS. / = sin. d, or / = 90o — 2, the cnrre is a parabola, if cos. / 
is greater than sin. d, or / less than 90> — ), an hyperbola, if cos / is less 
thim sin. 2, or / greater than 90^ — ^, an ellipse. 

DIFFER£NTIAL& 

TABLE I. 
D^ereniiatum of Algebraic and Transcendental Funetiom,' andofihe 

higher orders of Differentiali, 

QuANTrrr. DiFFEKSimAX.. 

4S 4r ••• ••• (M ••• ••• a a jr. 

ajr + dy— -^4- e ... adx ^bdjf'^^-^, 

M — ••• ••• ••. *•* ^x ax, 

f» n _ 

X ... •■* ••• ... ••* ^~ •• •* •>. 

m 

l^ 1 

(m, m\n */«•'»• •''•^n "* v«ia J** l»« 

a +» )" *« V ^ J Xfwjr a jr. 

^jf ... •«. ... ••• ••• xdy -^ydx. 

* jr .....«.«.•. my s dx-^ns y df, 

X sfdx- ^ xdjf 

™~ ... •.• ••• •.• ••• ^ • 

f 3r 

dx 
nj^ log. X ••* ... ••• • 

X 

Hyp. log. 1 *{- ' TjL** 

e ... ... ... ••• ••• # ox /% n. 1. «• 

jf' .M ... ..• ... .M jr*rf4rXh.ly4.jr3r ■ rfy. 
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9 ««« ••• t%» ••• ttX 009« #• 
\^vVw ' ••» ••• ••• ••• ^^ Vie fiUl* AT, 

auk* 1H M ••• ••• <•• .•• #laiV C06. MV. 

Oos-Mv* ••• ... ^ in <i AT sin. M 4r. 

Vflf. till. X dx sin. #. 

dx 



X 8U* ' 0^ ••• ••• ••• 

xX)w* Hf w ««• ••• «•» 



008.*» 

dx 



Bin.s «' 



S«c. » .« s — = dx tan. ar x tec. x. 



^'OOOC* Jw ••• a^t ••• ••• ^^ 



dxcos.x 
sAn* X ' 



4M 4M I 

(Sill.) « ... m (sin.) ' xdx coe. 4r. 

(Cos.) « —fit (eos.) xax9va.x. 

Sd. dUTerential x* (dx constant) 2 dx». 

fd. iUf. X* (dxrariable) fidx^-\^2xdMx. 

Sd. di£yi = 2 a jr — jrt ((fx constant) ^(/ay 4> tfj/* =.—• tfx*. 

M. ^1l2x$f + a$^'^bx*:z:§\ dxdy J^xdMy -^^ dydx ^ 

ads^-^ ayd^y'^hdx^~o. 

TABLE It 

O/lMtegnOt, e mtai ning afewefihemoti usual formt that occur in ^ 

practiceU sohUion of Problem*. 

DlPFBBtiniAL. lATttQRAL. 

* dx 



••• ••• ••• «•• 



n + 1 
<f« 1 



•t* ••• ••• ••• ••• 



^^ »"■ V«* wv www www — — «■ 

71 



2. •" 



D IF 

1 



«tfy ^jf^fL ^<fx. 

mam mm 

je dx {a^bx )P m, n, and p any nomben whaterer ; Integral 

may be found if ^^^^ or ^^izi + p b« a 



n n 

whole number. 



**'(a+ft*)^ "• 4»+l(, m-p+l ""^Tjr + 



r^dx 1 /««»-P + l max^'P 



2(»»-j»-.l) 
«n integer, and jr = a +£ «: 



-> &C. where m ii 



(o»4.*«)| « V^ 4. ,f 

*** ». 1 

_ ••• ••• ••• ••• <•• u< 1. JF* 

jg-^ a - •" *>• L (j? ± a), 

n-i 

!i^^ ^ h.1. (a*4.«^). 

a 4. j: 



j=== h.l.('+^»*±a") 



dx 



, — : ... .« ... h. L («• -iia + ^«« ± 2a*)' 

V*« + 2ojr ^ ^ * / 

2adx 04. JT 

■_^ .^^ ••• ••• ••• ••• n, I. ' - - 

«» — «• a — «r 

fiadx x—a 

;ri— a« "' ••' ^ '* iFT^* 

./ _« «■ •«• ••• ft. L """ - 
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The last 9 forma of flaenta may be found by a table of hyperbolic le- 
ISarithms, or by a table of common logarithms, by multiplying the logt^ 
rithm by 2.30258509, whidi will give the corresponding hyp. log. 

ady 



adx 


V8 o * — «« 
a^dt 


atds 


•^adx 


V«« — a» 



•>• t •« ••• 



••• ••• 



drc. arc rad. a and sin. y. . 

drc arc rad. a and rer. sin. «. 

drc. arc rad. a and tan. t. 

... ... drc. arc rad. a and sec. «. 

drc. arc rad. a and cos. x. 



••« ••« ••• 



The five last forms may be found by a table exhibiting the length of 
drc. arcs for all degrees, &c. of the quadrant to rad. 1 (see Arc) j for 
by maltiplying these arcs I^y a, we shall have their lengths to radius a. 

a d y 
Thus, if the integrld of ,_ ' ,were required, when v is the sin. 

SOj, we have the length of an arc of 30o to rad. 1 = a52S5987i henet 
tength to rad. a is a X 0.5235987 = integral required ; and so for the rest 

Z dx I y ^ * 



(a± *»)"*" dx —1 y (a i: *** A 



X 



ron+l mna a^» 



mdx ndy , rdz \ m n r m n r 






.1 \ J* 

* •.. ... ... •— __ _ o« »• 



«« o±«»» 



X* dx 

______»>->^B ... ••• ... 



h.Llf + :L^. 



» ^" , TT^T; 



|n-> S , 

* ^* M - h. L V *» + v^rTTjT- 

'^la + a" 
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z. " ■ T X *rc ^n- */ * 



••• ••• ••• 



* *^* . .« —-7= X arc ieci V .^ 

■^* Va«— «' ••• ••• H drcpeg. to diam. a and ver. sin. «-. 



••• ••« ^ 



•••••• 



dt • ^"" " ) if » bt u int8g«r aiA 

positi?e and X; = h. 1. x. 

d* X 

^_ ••• ••• ••♦ •♦• *0y» tttll. '^• 

DIP o/'^tf Bmixon.'-^See Horixou. 
DIP of M« Magnetic Needlej-^See Fariation. 
DISCHARGE o/FbUth.^See PTuitb duchmrge cf. 
DISCOUNT.— 5etf InUmt, 
DISCOVERIES, datet o/.^mSee Chronology. 
DIVING BELL.— r-BtowrfJ 

Having giren the form of a Diving Bell, and the depth it has descends 
ed, to determine how high the waler will have rieen. 

Let X = abscissa, meMored frc^ the vertex, occupied by the air^ A = 
depth of the vertex below the surface of the water ; M and m the eqw- 
dties of tiie whole bell and of that part occujded by the air, a thf alti> 
tode of the barometer ; then 

i4«:i4«4.*^' :: M : M. 

tnm which proportion « may be found. 
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Ex. Let the bell be a paraboloid, whose equation is jn =: 4 e jr. ■ 

Here M = 2cir b9 8cmr=2cirx^ 
/. a;* + (14a -I- h) x* = Uab9. 
from which equation x may be found. 

DOMINICAL Letter to find. 

Rule.— Divide the centuries by 4, and take twice what remains from 
^6, then add the remainder to the odd years above the even centuries, and 
their fourth. Divide their sum by 7, and the remainder «taken froia 7 
will leave the number answering to the letter required. 

Thus to find the letter for 182a 

The centuries 18 divided by 4 leave 2, the double of which taken from 
<S leaves 2, to which add the odd years 26 and their fourth part 6, their 
sum 34 divided by 7 leaves 6, which taken from 7 leaves 1, answering^ to 
A the first letter of the alphabet 

If it be leap year, the above rule gives the Dominical letter from the 
end of February to the end of the year } the letter immediately succeed- 
ing will be the Dominical letter for the beginning of the year, from Janu- 
ary to the end of February. 

Knowing the Dominical letter, we may, by the help of the following 

Table, find the day of the week answering to any given day of the month, 

and conversely. 

TABLR 



Montht. Dominical Leitert. 


"^"' 


Januarv. October 


A 


B 
£ 
A 
C 
F 
D 


C 
F 
B 
D 
G 
E 


D 
G 
C 

E 
A 
F 


E 
A 
D 
F 
B 
G 
C 
5 
12 
19 
26 


F 
B 


G 




D 
G 
B 
E 
C 


February, March, November 


Aoril, Julv 


E 

G 

C 

A 

D 

6 

13 

20 

27 


F 
A 
D 
B 

"i" 

7 
14 

28 




May „ 


June » 


Aumst 




Sentember. December .......... 


F 

1 

8 

IT 

22 

29 


G 

2 

9 

16 

23 


A 
3 
10 
17 
24 
3i 


5 
4 
11 
18 
25 
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Here the first Tertical colnmn rontons the several months in the jmr, 
tiiat part of the other colmnns immediately opposite contains the do- 
miiiical letters : the under part contains the days of the month on which 
the Sundays happen ; and hence the other days of the week are easily 
found. 

DOUBLE Stan.^See Stan. 

HYYiE.'^C Bland.) 

A mound or obstade opposed to t^ effort made by a fluid to^spretd 
itself. 

1. Let A B C D be a vertical section 
of a dyke opposed to the stagnant fluid. 
Its parts are supposed to be so con. 
BQcted, as to yield to the pressure of 
the fluid, either by turning altogether 
round the point A, or by sliding along 
the horizontal base D A. 

S. Supposing the dyke to yield by turning round A, to determine when 
there will be an equilibrium. 

Let HK = 4r, EK=y, EF = rt, AD = *, FD=:r, # = spcdflc gra- 
vity of fluid, «' = do. of dyke, Q = the product of the area A B C D mul- 
tiplied by the distance of A from the vertical passing through the centre 
of gravity of the area ; then in the case of equilibrium, 

^ «a> = «" Q -f «. fl. (6 ~c -I- x). ^ffx. 

3. Supposing the dyke to yield by sliding along its horizontal base : to 
determine when there will be an equilibrium ; neglecting the vertical 
pressure of the fluid. 

The base being horizontal, the mass which it sustains is supported 
against the horizontal force of the fluid only by its adhesion to the base» 
and the resistance arising from friction. Supposing these resistances = 
n times the weight of the dyke (n being determined by experiment) ; 
and let P = the area of the section A 6 C D : then 



P = 



2n' 



4. If A B and C D be straight lines, i. e. if the sides of the dyke be ne- 
tilinear, and A D, B C horizontal ; to determine the equation of equili. 
hrium of Art 2. 

Let C M t= ft, MD = e, A N = e', then 6« + f-^. a— « ) « — 
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CAR 

*^t'^k^°^ + ^ (c* — tf'*) := o an equation which iadddea ail ^Sbm 

cases of rectilinear sloping banks. 
' Cor. If the slopes be — o, or the dykes vertical, « = o, e' =: o, and 9" 

&. If the sides be rectilinear, and A D, B C horizontal, ^ determine 
the equation of equilibrium of Art 3. 

Herein -p X-^ + Kf + e'). 

The preceding equations have been inveatigated on the avppoaitiMi of 
a perfect connexion of all the parts of the dyke; they are «*. onl]r t|^ 
pttcable to such as are constructed of masonry. 



E 

BARTH, EtemenU(^. 

The principal elements of the earth, according to the determination cf 
%jtt Place* in the last edition of hiis Systemedu Monde, ara as follom :«-> 

Equatorial Diameter ^79?4 EBgUsh milee. 

& oiar tko. #•.*•««.*¥....•...•.••.....•.•.•.•..•....«.■*. ^witi ••*.•.••.••..•.••■ 

Mean do 7916 .................. 

Mean circumference 24869 .................. 

Mean length of a degree 69.06 

Surface 196803256 square miica. 

Solidity »...»<.....»» 2S9Z269Q6416 cubic mUea. 

Density of earth about 5 times that of conunon water. 
Mass of earth is -- ■ -^-;, of the mass of the sun. 

Weight of a body at Equator : do. at the Poles :: i : 1.00569. 

Length of seconds Pendulum at Equator =. 39.027 in. ; do. at P<de« =? 
3t.M7in. 

Centrifugal force at^uator is about -^^ of gravity, and .*. if the ro« 

^tory motion of the earth were 17 times greater tiian it is, bodies at th«r 
^uator would hiav* no weight 
M 



MAM 

Mean distance of earth frofi Mm. tr fl33U,18^ ExtgHUkmMm' 

Aphelion distanoe =: &l,889,d28 mile*. 

Perihelion do. = 91, '753,^0 miles. 

'Bttmhidtf = .0168, | as. mail. l)«lngt. 

Time of sidereal revolution SfiSrf. 6A. 9m. 11,5*. 

Do. tropical 36bd. 5h, 48m. 51,6« ; being less than in tht 

time of Hipparchus by 1 1 ,S./' 

Mean velocity of earth in its orbit 99'. lOyi" each day. 

Velocity in its perihelion 1©. 1'. 9,9.^' 

Do. in aphelion 57.' 10,7" 

Revolution about th^ lim of the apsides, .or pnomaMsl^ j^ar, S65d 8^. 
14m. 2s. 

Tropicai ce««il«ftiiM «f i^des petsformed in 20,^1 yean. 

Inciination of axis to Ecliptic 23». 27'. 57"., which decreases at the rate 
of 52,1". in a century, but this decrease can never exceed 2o. 42'. 

Nutation of axis = 19,3". 

{Recession of the eqninoxes 50,1" annually, or 1*. 23'. 30". in acentniy. 
A complete revolution performed in 25868 years. 

X«ngth of sidereal day 23A. 56i». 4,I«. ; aod has not variod^thfl huadrailh 
part of a second since the time of Hipparchus. 

.'iTlie interval betwtnen the vernitf and aut»Buiai equinoxes is ^ ac 

count of the excentricUiy of ^e earth's orbit end its imeqwd .velocitT 

therein) nearly eight days longer than the interval between the autum* 

nal and vernal equinoxes. These intervals are at preexist nearly as foL 

lows :— 

d. A. .m. . 

From spring eq[ulnox to 8timm<»rl 93 gj 45 "^ 

•olstioe •«... •> ' / .. eL h. m. 

rr 1^' ^ ^ ^ >- =i W3. 35. 80. 

From summer solsttce to auttrnii-l •« to 35 V 

From autumn equinox to winter7 gg ig 47 *) 
aolitice '. , •> ' / 

From winter solstice to spring! gO. 1 42 V "" 
equinox ..^..............t .,.....•' ' J 

Difference .„,„Z 7. 16. 51. 
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EAR 

EARTH, figwre of.^CPIasfair^ Madtfy.J 

1. To find the radius of curvature at any point of the terrestrial nwri. 
dlan, supposing the earth to be an oblate spheriod. 

Let a and b be the Equatorial and Polar ^ aices, r the rad. otcarr. to 
the latitude X, e = a -^ b = compression, m = 57o. 2957795 the numbar 
of d^rees in an arc = radius; then 

r = a — 2c -|-3c sin. 2 A. 

or =: a — -s" — — g- cos. 2 A- 

aad if D = length of a degree in lat X, r =: m D 

3c 



.•.D = -2fl-^-|^cos.2X.') 



Cor. 1. At the EquatormD = a — 2 c; at the Pole m D = a -f* <[} and 
In lat. 4do. = a ~ } c. Hence if E, P, and M = the degree at the Equa- 
tor, Pole, and lat 45®. ; JH = i (P + E). 

Cor. 2. The excess of a degree in any lat. above that at the Equator, or 
D — E, varies as sin.* X. 

2. The lengths of two degrees of latitude, of which the middle poinlhl 
are in given latitudes, being known by admeasurement, the Equatorial 
and Polar diameters of the earth may be calculated from the following' 
formulee. 

Let D and IV be the given d^frees (the least, or that nearest the Eq«a> 
tor being D) x and X' the latitudes of their middle points, then 

^m.JP'^-IX) 



3 sin. (X' -f X) X sin. (X' -~ X)' 
■Hi ih0 eomm'Cflsion, or eUiptidty of tlia earth 

_ « ly— D 



a 3D. sin. (X' -f X) X sin. (X' — X)' 

from whidk two eqoaliona a and c, and oonseqnentty a and ft, may b« 
found. 



EAR 

The foHowing are the fire arcs, whidi hare been measured wtUi the 
freatest care :-^ 



LaHtude. 


Degreet m 
Fathoms. 


Country. 


i^wAoM. 


Oo. C 0". 


60480.2... 


Peru ...... 


Condamine, &c. 


11. a 0. 


00186.6 ... 


India ..m.. 


Mi^or Lambton. 


46. 0. 0. 


60750.4 ... 


France ... 


Cassinij&c 


S2. 2. 2. 


60^&6... 


England ... 


Colonel Mudge. 


66L SO. 10. 


6nose.4 ... 


Lapland... 


Siranberg, &e. 



By combining these in pidrs, and taking the meui, we get the foQoir- 
lAg resolta. 

a : d :: 312 : sn. 

D = e9.0U -^ .3209 X COS. 2 A in mUes, 

or D = 60759.472 — 290.576 X cos. 2 A in fathoms* which tat- 
presses the degrees of the meridian in any latitude. 

e = 12.460 mHes. 
« = S0K.349 miles. 
i = 3919.660 miles. 

Hence drcumference of elliptic meridian = 24855.84 miles ; do. of eqoiUi 
tor = 24896.16 miles ; .*. diflference = 40 miles nearly. 

S. The figore of the earth may also be determined, by oomparii^r *^^ 
-free of the meridian with the degree of a great circle perpendicular t» 
the meridian in the same latitude, by the following formulas. 

Let A be the degree of the curre perpendicular to the meridian, tika 
fast as before, then 

« = ?(A-D) X-iy-. 

2 ^ C08.*X 

.c A~D , 

«"»*— = "o-z rr- nearly. 

a 2 A COS.' A 



4 To find the compression by means of a second's pendulum, eooaidar- 
iag the earth as a spheroid of equilibrium. 
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IxUpaxAp' be the lengrths <^ twd pendahmiPoMiMIittinirtecMUhiit Au 
titudes A and X', c the compression, the equatorial radius- hekig^ vaiitf ^ 
then 



« = 



P^P' 



psin.* x-.p'8in.«A' 



& Comparison of the figxrt-e of the earth, deduced from itctdal' itdiiftea. 
«ureiAent of a degree in different latitudes, with that dednced from the 
theory of gravity. 

If s^ homogeneous fluid revolve on an axis, it will form itself intrf an 
oblate spheroid^ of which the Polar ^ axis : radius of Equator : : attrac- 
tion aA Equator — centrifugal force at Equator : attraction at the Pole. 

In the case of the earth, this ratio will be :: «» : 23a 

If tha earth be net homogeneous, but comi^osed of strata that inoreflie 
in density towards the centre, the spheroid will have less oblatcness tt»aof 
if it were homogeneous, and it is demonstrable that if the density io. 

crease so that it be infinite at the centre, the eUiptidty = -^, which is 

the case of the least elUptidty ; -^ is the case with the greatest 
Hence as the ellipticity of the earth has been shetNTi to be less than 

S^ (viz. -^rj) t it is evident that if the earth' is » spheroid of equili- 
brium, it is denser towards the interior. This has been indisputably 
proved to be the case by actual experiment— 5&e Motmtaint'attraction of. 

But after all, whether the eatth be a spheroid of equilibrium, whether 
Gte N. and S. | spheres be equal and similar to each other, and what is 
the ratio of an arc of the meridian, measured in a given latitude, to the 
v/tdhrmaAfS^ti^t tfk« ^estlons to wU<^ ciomplete solnttotas have not yet 



« 



BAR 
^ TABLE of the eUiptieitifls of Am otfth. 



Authon. 



EUipHdtiet. 



•••••••«•«• 



••••••••••• 



Newton. 
Playfair. 
LMBbton ••••••••• 

nreisiMeker. 
L» Place M« 



1 
830 



318 



310 



• •■••••••••••••••••• 



»••••••••••••••••••• 



• ••••••••••••••••••• 



312.6 
1 



to 



3143 



334 



305 



««» — »»»—«»»««»— 



•••••••••••••••••••• 



•••••••••••••A* 



PrineipUi, 



Theory of Ontrltj. 



Mensoratioii of Arot. 



Do. 



Vlbratioa of Pendnliun. 



Oeenltatioii of Stan. 



Preceflsion and Notation. 



Theory of the Moon. 



Upon the whole, the ellipticity probably lies between •^s- and «vt^. 
But Captain Sabine, firom some very recent experiments on the length 
of the Pendnhun ($ee Pendulum J, states the ellipticity at -t^st- For 
Tth\» of D^prees of Latitude and Longitude, see Degree. 
EARTH'S Surface, extent of.^(Encyc. Sritt. Supplt) 
The extent of the four great diyisions of the world is as follows :— 

Sq. Enr. Milee. 

JHuOpe, Witn ICS ISieS »m»» M m0m»fm »m »» *m f '»» » »*** » »»t»'»tt»m » »* * »*** »m»0 » 0m0 3,43c,vUV 

voatUMttcai Asia www o xxw > ii«M>»«i<»»i«»«<»»»<»««»»>««»i» n o w »«««»»»<« i0^owi,uuu f oi aqa mm 
Isles, Indnding New Holland and Polynesia ..^ V00,000 i ' ' 

Oieenland (supposed) ,>»wm<>w»w»»w»w»»<»»w»»»w» ■««»«*«»*»»'*■■'» 02(^000 



I 



15,300,000 



Total 



^aMMWtWWMWWHIWKWWOXWWU X W 



51,94S,000 



Tlw oeeaa, with all its kiland bays and seas, eoTors an area of 

3 
146^000^000 Sfoare miles, ornearly -7- of the surfaee of the globe. Abont 

7 5 

^of Ihe grsat body of wattn lie in the southern hemisphere \ •odQ 
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in the northern. In the one the oceaa : the lasd :: 7:5; Aad in Ae 

other :: is: is. 

If we suppose the mean depth of the ocean to be two miles, the dlibic 
content will be 290,000,000 of cubic miles. 

Comparative superficial extent of the frigid, temperate, and torrid 
Konei, taking the whole area of the globe as unity.^-i^I/acrotjr.^ 

83 

The frigid zones occnpy — w*<i » »».«,»^»»^»»»»<<»»»^i»»v»^ irinA- 



The torrid zone 



looa 
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E^RTH, 4enMp of,-^Sw Mowntain^ attraction of. 
EARTH, intet^nal temperature o/.-^CEncyc. BriU. Supp.J 

In descending below the suifhce of the earth, a considerable inciease 
of temperature is observed, as the following examples pi-ove. « 

At Giromagny, in the Vosges, anrntal temperature at surface i5*49» ; 
at 1 m yards depth, dSf*. 6 ; at 336 yard«, «5P. 8 { at 472 yards, 740. 4; 

In Saxony, in four of the deepest mines, annual temperature at sur- 
face is 460. 4 . at 170 to 200 yards depth, 51". 5 j at 280 yards, 58« ; at 360 
yards, (5^. 6. 

In the coal mine of KllUng^orth, the deepest in Britain, annual tem-, 
perature at surface is 48" ; at 300 yards, 70® ; at 400 yards, "ITO. In seven 
others of the deepest coal mines In Britain, a corresponding gnOaltk&m 
was observed. 

In thea« British nineft, the increment of temperatur/is about \^ ibr 
15 yards of descent In the Vosges it is about 1" for 20 yards, and in 
Sakony 1« for 88 yards. Taking 20 yank aa a mean, if tile IncretM iA 
Iowa the saoM arithmatical ratio to a conaiderabto depth* we ahMikl 
find the temperature of the Bathwaters <11G<*) at 1320 yard* below tte 
surface ; and that of boiling water at 3800 yards, or nearly two miles. 

EARTH, pressure of against tcaUt.-^fGregOfp. J 

Let D A E P be the rwr^ieri Meftaoa of a ^ _o p y 

wall, behind wWeh is j^aced a baak or feeiw 
rtee of earth, of which a prism, whose sec- 
li«n is ropresented by D A G, would detadi 
itsdf nnd fUI down, were It not prevents by 
tkn-vall Tli«oAGis«iittedth«A'iie<yrKp. 

-hsrt, or the natural slope, or natural decli- _ a ir 

"fity. In sandy or loose etrth, the^BA«*^ A* 

90 




tiiAma excMdi 90^ ; in stroiigier earth it becomet d^; and in 8om« fSi^ 
Tovrable cases more than 45<>. 

1. IfA = AD,jr = AE,0 = /DAG, and S and t represent the sped' 
le gravities of the wail and earUi, the state of equilibrium is expressed 
by this equation, 

|xt. Sj=»i A».#.tan,*|l. 

JSx. Suppose the wall to be 39^ feet high, of brick, specific gravity 

SOOO, and the bank of earth specific gravity 1428, and the natural slope 

B8*: then 

I xK 20(W = % X 39.37« X 1428 X tan.i 26|o, 

.'. jr = 9.6 feet = thickness of walL 
The foUowkig practical- results may be found usefuL 
Vahtes ofD Gfor different materials^ 

BftlilC or ▼Cj^UtulG CdTuI ^^^*<* i^»»^w»>^»^^wwr^<ww^#i»»gw ^^^^ ^vm**^ iw JJ G ^^ .dIS nr 

Do. of vegetable earth mixed with small gravel .»^ D 6 =: .646 h. 

Do. af vegetable earth mixed with large gravel .»^ D G = .618 A.. 

Thickne»$ ofwaUtt both faces terticah 

1. WaU brich, lOO lbs. per cubic foot, hank vegetabfe' 

earth carefally laid course by course ,^,.*^.,^.^ D F = .16' 1L 

2. Wall unhewn stones, 135 lbs. per cubic foot, earth 

& Wall brick, earth clay well rammed \.^^^^,^^»^ D F = .17 A. 

4). Wall unhewn stones,, earth as before .»,>„>, .^ D F = .16 A. 

& Wall of hewn freestone, 170 lbs. per cubic foot, 

7. Bank of earth mixed with large gravel, wall of 

''O* oi uniiewn stone <ii»>«i»»«iim»»»»» w «<« « i«i»»«i»< M ««»>»w'»»ii m <*«i« u j? ^^ . n A. 
JMt of hewA ire e st OB6 wiiiw»i«wi m ia»* M «Mi»«i n ifiiw<'» " »« »■' " »*< D F =: .10 A. 
& Bank of sand. 

waU Os DrlCKS <MwowiMM>iw«*i>>Mw»i»w«w«w*iwi»»i»»»— w mw * — w ix *«<■»» U f^ :s .33 Ar 

XJ^ oi nniicwii atones »w»>»wmmmw»<w—w w w»»»* " **— » " »'" " ■»« v r^ .30 Ai 
Do. of hewn nreeatone »»*m n »0m»»»t»» !»»»■.■» »i»>«w»»«ii»<i D F ^ .86 A. 

'When the eaiHIh of the bank is liable tobe much saturated with watexb 
Htf proportieMi thlckneiMt oC tha walla auat at leaat bt doubled. 

n F 
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S. For walls wiOi an interior slope* or a dopa towards the^bw|c, 1ft 

the base of the slope be — of the height, tiian 

ft 

where m = .0424 for vegetable ct clayey earth, mixed wiUi large gravel ; 
m = .0461 if the earth be mixed with small gravel ; m = . 1528 for sand ; 
and tn = .166 for semifluid earths. 

Ex, Let the height of a wall be 20 feet, and i. of the height for tho 

20 
base of the slope, suppose also the specific gravity of the wall and bank 

to be 2600 and 1400, and the earth semifluid ; then 



"'^ = ^« ^i4 + ■'«> + re) -* 



»0 
20 

= 5 feet, while the thickness of the wall at the bottom 
will be 6 f^t 



«J|AST£R, tojind it on <myymr.'^(Deiamhre.) 

/ 1. Divide the year proposed by 19 Call remainder a. 

t 2. Divide the same number by 4 .................. Call remainder^. 

3. Divide it also by 7 Call remainder c. 

4. Divide (19 a + M) by SO Call remainder d. 

5. Divide (2 6«|-4c + 6d+N)by7 .......... Call remainder e. 

6L Then Easter day will fall either on (22 4. d + e) itf March ; or on 
\ (d+c — 9)of April 

V Talaes of M and N in the above calculation. 



M. N. 

Fr(»n nCOtolTQO 23 ........... 3 

1800 to 1899 S3 4 

1900 to 1999 ». 24 ............ 5 



Ezeeptions to this rule : 

1. If the computation give April 26, substitute the 19tb. 

2. If it give ..................... April 25, substitute the 18th. 

ECCENTRICTTY of a PtttneTg orbit.'^fWoodhome, Tlayftixr.) 

Let tf be the eccentricity of the orbit, g the greatest equation of tiw 

eentr^ foond by obsanratlony Aod pot yyo^Ts ^ ^ ^^""^ 
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In tSie earth'b orMt h is rery small, .*. e = } A nearly. 

The secular diminution = 18". 79, and /. if tUa diminution eonUnoed 
imiform (which, however, we have not a right to suppoie) the earth*a 
•orbit would become a circle in about 36300 years. 

ECHO. 

, That an echo may return one syllable as poon as it is pronounced, the 
TCllectinf snrface shonld be 80 or SO feet distant ; for a dissyUablic echo 
170 fMt, &c TMs is upon the supposition that sound proceeds at th« 
of 1148 feet per second, and that the ear can distinguish the succca- 

«f tsroaoonds or syllables, viientfae interval between them is "s-th 

7 

of a wtGumiL'^C Playfair. ) 

An echo in Woodstock Park repeats. 17 syllables by day, and SO by 
night. An echo on the north side of Shipley church in Sussex, repeats 
9L aylUdblea.^ Fdmng*' Vat. Phil. J 

'BCLVPSBa.'^Wooamuet Plmtfair.) 

1. EcUptes of the Moon. 

1. The length of the earth's shadow varies, according to the distance of 
^e sun and earth, between the limits of 212,896, and 220,238 semidiame- 
ten of the earth ; its mean length being2I6,531 . And in general if r be the 

€arth*8 radius, -^ the apparent semidiameter, and p the horizontal par. 

allax of the sun, the length of the shadow, reckoned from the earth's 



sia 



or = 
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2. Hence half the angle subtended at the earth's centre by the section 
of the shadow, at the distance of the moon, (if P be Uie horizontal paral- 
lax of the moon) is ** " 

Rrom this formula the ^parent diameters of the earth's shadow may 
be computed for various distances of the sun and moon, as in the follow. 

ingTftble. 

Apparent diam. of 
earth's thadow. 

rMoon in vpogte 1«. IS*. 24".3096 

flan in perigee ......... <»t mean distance... I. 2a 8-31 

Cin perigee „...t.MM«.u....MM.«« 1. 80. 40.Si04 
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AppmrtiU dimm. tf 
earOi*i ahadaw. 

[oon in apogee ....^ 1. 15. 56.8656 

Sua at mean distaace -^ at mean distance ...m..... 1; 23w S4.978 

.in perig^ee ..•.••^•••••••.•••••••n** 1. 31. 18.8784 

rMoonlnapt^ee ..^.M.«...M.... 1. 16. 28.2890 

$u.a in apogee *..y.v* < at mean distance «..m.. 1. 24. 6.3 

^m pongee ••••••••••••••«•«••••«•••• i. si. 44.9U0ft 

3. The distance of the centres of the moon and of the earth's shadow, 
when the moon's disk just touches the shadow ^ <{ = moon^idiaoMtarl 

Cor. If P = 57'. 1", p =: 8", 8, and -^ =. 16'. 1"3, we hare the meaa 

apparent | diameter of the earth's shadow = 41'. 8".5, which is neariy 
three apparent | diameters of the moon. Hence since the moon in th* 
«pace of an hour moves over a space nearly eqoal to its diameter, tht 
moon may be entirely within the shadow, or a total eclipse may endure, 
about two hours. 

4. The apparent | diameter pf a section of the penumbra at the moon's 

orbit = 

lP + P + 7. 

And the distance of the moon's centre and of the centre of the shadow, 
when the moon first enters the penumbra, is 

p+P+f+|. 

5. To find the time, duration, and magnitude of a lunar edipse. 

Let m = moon's motion in longitude, 
n = moon's motion in latitude, 

9 •=. sun's (or the shadow's centre's) motion in longitude^ 
X == moon's latitude when in opposition, 
t = time from opposition, 
fi = distance of moon and earth's shadow, ^ 

»nd let = tan. 9, 

then <=— 5— X sin.* ff j. «itt- ^ V («*—>■«>••• ^ f 



fnm whi^ ttcpntsioii may be deduced rallies of the time, correapond. 
teg to aay aflBigned vahuii ef «, as ta the following instaooes. 

(I) Todetemdne^ UtoentwidtHi tiie moon first entenr the peiiam. 

D rf 
hra, for e pat P+P + 'q'+ vi'^^AS two values, and the second value 

will denote the time at which the moon quits the penumbra. 

(jj) To determine the time at which tiie moon enters the umbra, put 
« rf D 

.=P+,+-_-. 

(jyij) To determine the time when the whole disk has just entered the 
(dtedow, we most deduct d tnm the preceding value, and make c = P4. 

p — ■-. i— ~. ; and similarly for other phases. 

mij) To find the middle of the edipse, we have f = — A ^ — , and in 

n 

Hut case the distance of the centres (c) is =: A. cos. 9. 

(t) ThB nevest approach of the centres being known, the magnitude 
9( the eeUpee is easily ascertained. Thus on the supposition that X cot. $ 

d Dn 
is less than the distance (P + p + -^ ~ -^ J at which the moon's 

limb Just touches the shadow, some part of the moon's disk is eclipsed ; 
and the portion of the diameter of the eclipsed part is 

d D 

P +P + 2^ — Y — ^ COS- ^. 

The portion of the dituneter of the non^clipsed part is the moon*B ap- 
parent diameter d, mfnos the preceding expression, and therefore is 

xcos.e+ ^ 4.2 -p-.;,. 

If this expression should be equal nothing, the eclipse would be jtut a 
totalone. If the expresaiott should b» negative, the eolipsa may be said 
to be flMTtf &an a total one, since the upper boundary of the moon's disk 
would be below the upper boundary of the section of the shadow. 

(y)) IfintheexpreisioiL 

f. sin. ff V(c* — ^* COS.! tf). 

H 

we sid>ttitate f or c^ P •{- p 4- -5- — 7 we have the time from the moon's 

first entering to her finally quitting the shadow or umdm. Andifinthe 
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mmn expre»u&on we fubstitote for c, P 4-P + -g" 4- -j-* '*^® *»*▼• **»• 

whole time of an ;iecUpse« from the moon's fint entering, till her finally 
quitting the penumbra. 

ft Ecliptic limits. When the mean opposition Is 12o. 36^ distant firom 
the node, there can be no eclipse ; and when it is less than 9**. distant 
Qrom it, there must be an eclipsie. between these limits 12o. S6' and ^. 
Ihe matter is uncertain, and must be decided by the calculation of the 
■tme place of the moon. 

II. Eclipses c/ the Sun. 

I. Xiet r, R be the radii of the moon and .earth, the restaa before ; then 
Xhe length of the moon's shadow 

r 



''"•f(|-'^)p^} 



"By means of this formida, we have 

Length of Moon*s 
shadow, distemce. 

Sun in apogee, moon in perigee .».»....•.••»••••• 50.730 | 55.902 

San in perigee, moon in apogee .» 57.760 I 63.862 

Hence in the latter case, the moon's shadow never reaches the earth, 
and the eelipse cannot any where be totaL 

The moon's mean motion about the centre of the earth is SS* in an hour j 
and the shadow of the moon .*. traverses the surface of the earth, when 
it falls on the surface perpendicularly, with a velocity of about 380 miles 
in a minute. When the shadow falls obliquely, its velocity appears 
greater in the inverse ratio of the sine of the obliquity. 

The duration of a total eclipse in any given place cannot exceed 7m. 
58*. 
An annular eclipse may last I2m. 24f. 

.2. The apparent § diameter of the moon's shadow = — 5 — + p^ » 

Kence when <f — D apparent i diameter = o, or the vertex of the conl- 
cai shadow just reaches the earth. When rfis less than D, the expres- 
si'm is negative, in other words the shadow never reaches the earth. 

In a similar manner may the formulae for the penumbra of the earth 
be transformed and adapted to the case of the moon. 

(ijj) The solar eclipticligiits =-' 170. 21'. 27". If the conjunction hap- 
pens nearer to the node than tMs, tiUere may be an eclipse. If ^ be mor« 
iii3tant, there can be none. 
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Solar edipMS are mora dUReolt of eompatation than hmar ones ; nor 
\» it poMiUe to entmr hare upon tiie methods that hare been employed. 
We ahaU .'. oondiide this article with an account of the number of 
edipeea that may taice place in a year. 

IIL EcUpseSt number of. 

In the space of 19 years, there are osoaUy about 7D eclipses, 29 of the 
moon, and 41 of the sun. 

Seven is the greatest number of edipses that can happen in a year, aad 
two the leaet. 

If there are seyen, ftye must be of the sun, and two of the moon. If 
there are only two, they must be both of the sun j for in every year there 
are at least two eclipses of the sun. 

There can never be more than three eclipses of the moon in a year i 
and in some years there are none at all. 

Though the number of solar eclipses is greater than of lunar in the ra- 
vtio of 3 to 3, yet more lunar than solar eclipses are visibla in any parti- 
cular place, because a lunar eclipse is visible to an entire hemisphere, 
and a solar is only visible to a part. 

ECLIPTIC, obliqtuttf of.-'CWoodhoutet Vtnce.) 

The mean obliquity of the Ecliptic in January 1, 1827 = 23». 27'. 43".7. 
For the variations in the obliquity, *e9 Freeeuum. But besides these va- 
riations in the obliquity, arising from solar inequality and nutation, the 
former of whirh passes through all its changes in the period of half a 
year, and the latter in 9 years and 3| months, the obliquity of the Eclip- 
tic has, as far back as observation goes, been diminishing from the action 
of the planets, particularly Venus and Jupiter. This diminution, called 
the 'secular diminution, is at present 52" in a century. There is, how. 
ever, a mean to the obliquity which it cannot pass, and round which it 
oscillates badcwards and forwards. According to La Grange, the indi- 
nation will never vary more than 5^. 23' from the year 1700. 

Hence if we have given the mean obliquity for any time, and wish to 
find the true obliquity, we must correct the given mean obliquity by 
the secular diminution, the solar inequality, and the nutation. The aaa« 
lytical expression for the obliquity, including these corrections, is 

E — "^ ■ + 0".4345 X COS. 2 sun's longitude + 9".63 X coe. K 

£ being the mean obliquity at the beginning of the year, N the supple- 
vent of the n6de, and n the number of days from the b^iinxUnf of tiie 
year. 
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This mAatet m»y be eompriatd uadtr tiue* hm J M. (1.) flMtklty •£ 
SKtrasion aiMl Compression, as in the case of a atartav stretdMd hj i, 
forro. (8.) Elasticity of nexiire, at vrhtta wiffesaailaiBiiiKof difflBtent 
metals and other substances exert a force to unbend themselves when 
fordbly bent (3.) The iSasticity of Tor^im* as when twisted threads 
of metal exert a force to untwist themselrea Our view of these several 
fulgects must necessarily be very limited and imperfect 

1. Ekuticiiy of Extension. 

I. When an elastic string of given length is stretched by a given force, 
to find its length. 

The increase of length is proportional to the tension. Let i be the 
measure of the extennbility of the string, whose length at first \a aj f 
the force or weight with which the string is stretched, which of coune 
measures the tension ; then the increase of length = a i f, and the length 
4 when stretched will .*. be 

a -)• a I /, or a (1 4. i Q 

We may determine i, if we know the original lei^^ of the string, and 
its length for any given value of t. It may be convenient to know it in 
terms of the force which wiU draw out the string to daiMe its lengtii. 
Let £ be this force ; hence 

a (1 4^ i £) = 2a, and f = -g> 

Hence the length of the string under a tension t beoomes 

fimay be expressed by a length of the givra string, whose waiglit 
would draw the string a to double its length. £ is then called the mow 
ivhu of ekuticUy. 

ft A uniform elastic string hangs yerticany, stretdied by its owft 
weight : to find its lengtiL 
The samenotatioB being retained, 

'-« + -§- or = a + -^. 
Cor. I. Ifa=:E, ^= -~. 

Cor. 2. ance I = a ^l + iiL^ , it spears that the weight of tha 

atrniy stretches it kalf as miudi, as if it w«n all eoUectai at the hMirasft 
point 
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SL XlaaiicUtfCtndretiaaneeoftolidmatarialt. 

Here w« rappose that all solid bodies may be considered as made Qp of 
•lattie fibres capable of extension and compression; and that the reais> 
taaeeto extension is proportional to the extension in- each fibre. 

'When a solid body is acted on by any 
foree, it may be partly extended and 
partly oompsessed. Thos let a mass 
A B Q P be acted npon by a force F 
.compressing it in the direction £F. 
The surface PNQ may be brought in. 
to tiie direction pN;; in this case all ^ 
Ihe fibres R R' which are on one side /^ 
of N are shortened ; all those on the 
other side of N are lengthened. N N' 
r^^mains the same as in the natural 
state. N is called the neutral point j 
and the line which separates the parts 
of the body whidi are compressed from those which are elongated is call. 
,ed the netUrcU Une, 

1. IVhen a rectangular prismatic mass is compressed by a force paral- 
lel to tiie direction of the axis : to find the neutral line. 
X^PM = MQ = a, MFt=A,^MN = n, then 




» = 
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Cor. 1. If A = I «, » = a, or the neutral point is in the surface, and 
the whole beam is compressed. 

S. When a rectangular prism is acted npon by any force in any direc 
ttoB ; to find the neutral point at any part 

Let a force/ act in the line y F on a prism A B P Q> ^'^^ the same no. 
taUon being retained, we have as before 



n = 



3A* 



Cor. If the force act perpendicularly to the axis, h is infinite, n t= o, 
and the neutral point is in the axis. 

3l When a rectang^ar prismatic beam is made to deviate a little from 
a straight line by Um action of a given force perpendicular to it, to find 
the deflexion. 
9^ 
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Since the foree is perpendicular to the . 
beam, and the beam is nearly a straight 
line, we may C^ Cor. hut Art. J snppose 
t&'e neutral point coinddent with the axis. 
Let A M E repr^ent the axis bent by a 
force acting perpendicularly to A B its original position ; and-tet P M » 
length of the beam eqniralent to the forces; / rr length b s: bpetdOi, nkl 
a=. thickness of the beam, £ the modolos of elasticity, that tte n^iDl* 
4^exion d 

_ p ^ 




4r If Ii0r F we put its yaloe ^^, 



Cor. 1. Hence for a giren breadth and fhickliess, the deflexion is 88 tha 
force and cube of the length ; and for a given weight and length, th6 d^ 
flexion is inversely as the breadth and cube of the thickness. 

Cor. 2. Let the direction of the tangent at E make an ^9 with the tan- 
.goit at A ; then B may be called the itnguiar dejiexum, and we hare 

^ - F Sfli Sflt 

tan = "s • s — ^^ ' m •f 
£ Sat 4a*(& 

The angular deflexion is as the fwco and square of tte length. 

4 When a rectangular prismatic beam in a horizontal position is bent 
by its own weight ; (its thickness being vertical) to find the deflexion. 
The same notation being retained, the whole deflexion 

Cor, In this and the last Art 3 being obaerred, E may be fovtoL 

5. A rectangular prismatic beam is compressed by a given force adBtaf 
is a direction parallel to the axis ; to find the deflexion. 

Let a be I the thickness of the beam, / =. | the length, h s: dktancf 
«f the force from, tlie axis ; then if E l>e very large compared with F, 
we have the d^exion ^__^ 

= A (Me. — -=- — 1). 
aVE 

Cor. If the force act at the extremities of the axis, A = o, and thert 
iMffi be no deviation except 

^ = ^ = .82255 
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Hence ,ve M»7 find the weights which columns of giren materiato 
^vULeupport Thus, if in fir.wood the modulus S be UVOOO/XXX'ee^ a 
\mr, an inch square, and 10 feet long, may begin to bend, when 

F = .8285 X -j^ X 10,090,000 = 671 feet 

» 

3. Elasticity of Tornon. 
1. I«et/and/' be the forces necessary to twist a metallic thread, firom 
the position in which it would naturally hang, through the ^s. 6 and 0' ; 
tlten if and Of be yery small, 

Oo VUb principle depends the Torsim BcUtmee of Coulomb, wfaioh haa 
been employed for the purpose of measuring very small repulsive and 
■ttrnctive forces. In some cases the instrument was constructed with 
■o much delicacy, that each degree of torsion required a force of only 

^Igjpfagrain. 

Height of ^ Modubu ofEleuticity in thoutandt offeet-^CEnqfcU^. 

Brit. Supplem.) 

Iron a])d 8te<^ »i»»»«»>««i»w»»w«»i»« 1(M)00 Fir wopd «i»«» m «»«»w«w— »»»»»»»»»»» 10|000 

%M}pper MMIMlMIOMMWiaMWIMIMtlMHIMMW 0,7UV IVm 1««I)»«W»»«»«WW»>WW»»«>I«>»»»»» W »» « I» BjUUU 

jfrass f #»>w<»«»»<wi M <»i w <i»o*'w»»w«i»»« OjUUU iteeon i»i»w»>»»*« «»»» « )>»<»»»»*»w<»»»« 0|Uuii 

vTQWn glaoS iw»»ii«»»i»K»» mxowww* V^oMr ice W K »«w>«iw»»i««»»w«i«i»»<>»»»««»w»o»«>«»i |B9v 

The following Tabl^is the result of experiments by Mr. Rennie, pub- 
lished in the first part of the PhiL Trans, for 18ia 

Mr. Rennie found a cubical inch of the following bodies crushed by 
the following weights :— 

American iruie »ip»w»<»«»»<i>»n<«i»<»«[»»«i»<ip<i»«»o»«i»w#«i«i«>»«<«w>»« « p»i«««»»— »*»—**— *—— aoiid 

jE«ngll8li C/alC mt»0 » f 0m»0t»mmt0»0»** »w t *n M » w* k . » m ^»* ** < <m »»■« i» ■» ' »» »»»»»— w— ^Wl 

€bA«rofl)4«MA 

Sp.gr, 

Red RriCk rrrnjj-rr-. i jjj iiii I ' II ii Trrj. 1 r - I •iOtf iQl? 

Derby Grit «»» n a< i^«»»»wr »w«»i» i»w«» ■»» »* « * w <i»»»^*>»»>»»'>»>i»«»wi mIo iujv 

jfOftlaOA MM««inMlt«MMW«IMMMM«««WMIMnMtM«M»Mi||||gf^^ _3MB^ IISF^P 
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Sp.gr. 

^VllitC StftCttftTV JflftFulG «»>»»»i«<»««»i««»»»»>«««i»«w«iwi»*«i»»«i»i«>««iw»i«<»>i «»««<« 3»70U 

Bromley Fell Sandstone, near Leeds .>«*».««x»»»>,»«w..«»«»»w 2506' 

Cornisn Granite »» w i»«»»'<»«» " ««<»»* "* **'«i»*— «'' " ><»«■'»>■««*»»»»'* w^i *oob 

Dundee sandstone »»»»<»*»»«»«■»*««»< ti< »» »■ »»«« #« w«»»»»i««»»»««>»»«<i<»i«<*»w> icKjU 

C>onipact Xjimestone <»#»»***'^****^^w»^^<wi»i#»<w»»»b »»^^»^»w^<#^kw»<< xuctv 

Slack Brabant Olarole «»*»»»»«■ *<i»« M «><i»<w»»i«»«i»i»#»»w<w«v«»tw»«i»w»»»««i 2097 



i»46 
I88S6 



136» 
14908 
14018 
17354 

206ia 
20742 



very Hard Freestone »»o>m<i»w« m » »*» » i<* !»*»< »m»w»ww»iw<i< « [»»»» twoopww Soko SlSftv 

Cnbea of different metals of \^ indi were crashed by the foUowinir 

weights :— 

Ibs.av. Ibt.tat. 

Cast Iron «»»«»».i»<ww<»»<wi»hi'm 9773 Wrought Copper Mtmn^M wt * **- 6410 ^ 

Cast Copper «ww»»»»i »»<>»» »i»» 7318 c>ast Xin » »»<»»«» n «w*»«»w»w«»w»» w m i Wio 

Fine Yellow Brass <.»...i 10804 Cast Lead >.«,», »i. * >,i . ; 48S ' 

Bars of different metals six inches long, and \i inch square, were sus- 
pended by nippers, and broken by the following weights :— 



lbs. av. 
Cast Iron, horizontal •««» 1106 
Ditto, vertical «..»«■.>**.« 1218 
Cast Steel. .«^.>.^.>..M»» 8391 
Blistered Steel hammered 8322 
%ear Steel do. .««.« 7977 

Swed&rii Iron do. ^^^ 4504 
English Iron do. ..^^ 3192 



Gun Metal* u. 



't>»i M rm^»t<t>tit.t»immt» 



Ibi. or. 
221^' 

Copper hammered >>».><»>,»>, 21 12 ' 
\/a8v V/Oppcr" ««» w »«<>*»»»»t««w»« »>t m » 119S 
Fine Yellow Brass .**..>...». 1123 

X/SSt Xin O— W W^WWtKXMWM »<W«»»»W SOW* 

vast X^ad 'Mifmrmm » 4 »»»»i»wiii»WKi»*i> llv 



ELASTIC bodies, theory of^-JSee ColUsion. 
ELLIPSE, principal proper^es of .~^ee Conic Sections, 
ELLIPTICITY of the Earth.^^ee Earth, figure of. 
EMBANRIIfENT.-M.50e Byke, and Earthpremore <ff. 
EPOCH.— Sm Xra, 
EQUATIONS qfcondition,^(Plasfair, MadtfyJ 

Any equation expressing the relation that obtains MnoBg the cdefl< 
dents of another equation, is called an Eqttatien of condition. Thea» 
equations are used in determining by observation tiie oonstftnt ooeffidents 
in an assumed or given function of a variable quantity. Thus let us suj^ 
pose that the form of the function is known from tiieory, but that tiie 
•mutant quantitka that enter into it, are to be determiMd by qUnna» 
108 



tion ; reqtiSred^ eauMetiag that eyery obsecVation fa liable to enar, in 
what way these quantities may be most accurately determined. 

Rule.— Substiti^ the quwitities known by observation for^ and x, in 
the given formula (each observation being supposed to afford a value both 
of ;rand^), and dius, as many equations of condition will be obtained, 
as there are observations. If these exceed the nilmber of quantities to 
be found, or of the equations wanted, let there be composed from the ad- 
dition of them into separate sunM, as many equations as are necessary 
each consisting of as many of the given equations as the question admits 
of. From the equations thus obtained, the quantities sought may be de- 
termined with the least probability of error. 

Suppose the general formula to be 

^ = A sin. JT .f. B sin. 8 4r, 

a*d that from observatioii we have ei^t values of » and y, vis: 



Values eix. 
1400 
1S5 
ISO 
185 
180 
115 



Valoes of y. 

80.8 
87.0 
911 
99.5 
101.5 



"0 107.& 

^05 I iiojt 

Hence, 

.6428 A — .9846 B = 7a5 

.7071 A — 1.0000 B = 80.3 

.•Ji06O A — .9648 B = 87.0 

J8191 A — .9337 B = 94.1 

.8660 A — .8060 B = 99.5 

.9063 A — .7860 B =r 104.5^ 

.9307 A — .6428 B - 107.5. 

.9660 A — .5000 B = 110.8 

By adding the first four into one, and also the second four, we get 
8.9350 A — a9033 B = 334.8, and 
3.6780 A — 8.7748 B = 481.7j 
and therefore, 

. _ 3.9033-X 431.7 — 8.7748 X 334.8 
3.^ X 3.9033 — 8.9^5 X 2J7i»'' 

orA:;=k55*00. 
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y - (1©. 5^.2) sin. X + Cl'.2) dn. f t. 

TUa is nearljr the equation of the centre in the eartii^s orbit. 

In this n^af all the elements of any of the planetary orbits may be d6> 
termined nnwUfmeotul^^ or corrected if they are already. nearly known^ 
In the construction cX. Astrimomical Tables* the number of equation* 
combined has amounted to many hundreds. 

In the exnnple above, no method was to be ft^ewed, but thi^ of di- 
vldiag the origiaal equations kiio two paeoels or groups, £rem the smoa 
of which the new equati<ms . were to be deduced. But when it hiypaiyt 
in the given equations, tliat the terms involving the same unknown quan- 
tity have diflferent signs, the best way is to order all the equations so that 
one of the unknown quantities, as A, shall have the same sign through, 
out ; and then to add thras together, for the first of the derivative e^o*. 
tlons. Let the same be done with B, C, &c. whatever be the number of 
tiie quantities sought Thus, each of the unknown quMitities will occur 
in one of the equations, with the greatest possible coefficient; and the 
coefficients of the same unknown quantity, in the difierent equations, will 
become by that means as unequal as they can be rendered, which con- 
tributes to make the divisor by which that quantity |a to be found, «a 
large^ and itself of Qourse, as accurate as the case will admit of. • 

Ex. Let the equations be 

81^4jr— y — 4jr = « 
14-t-jr — 3^-- S«=ro 
#|i^«ging tiie signs of the last eqd^on, and adding ^ 

•imilarlyforjf, S7-- 5ir^7|f =« 
for^r. Si— 4r-^jf— >14»=» 

From these equations x = 2.4M 

y = aM7 
sr=»4.i 



Second Method. 

Let m + «•» + fty -f- e« + ftc = 0, 
m>-^-afx4-b'Sf'he'M + icc=o, 
w -f u'»x -f ft"y + e"x + kic=o, 
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be tiie eqnattmis ; multiply the first by a, the second by of, and so on ; 
thMi by addition. 
«* 4- «•*'-► Ac -f-(ot + «^ + Ac.) jr+(a6 + «'*' + *«L)y + 

(a o -h a' ef •f* ftc.) jr 3 o. 
Similarly 
(in4 + <#'^ + &c)+ (a* + a'6' + &CL)4P+ (6f + 6't + «w;> y + 

(*c + d'C -f &c) « + &c = e, 
(pc + «»'<''-^&«'> + (ac + a'c'-*-&c) x+ (Ac + ^'C + &c) jf +• 

(c« + c^ -i^ &C.) * + &C. = 0, 

By this means ae many eqoations are formed as there are naknsnnt 
^tantitieS) and from them x, y, z, &c. may be determined. 

The method iqpplied to the example in the preoedtng* article girei tilt 
redooed equatioiis 

«• 'JO-^Sx+liMozo, 

Tt0m tvlienee 4? = 2.470, jr s 3,&», « = 1.019. 

tike above mode of reducing the linear equations, which is called th« 
Method ofLeatt Sguarest was invented by Gauss. 

SQVil>TH>N ofPiBgmemU. 
G&mmoh mXe. 

Let j7 andp' be tike sums dne at tSie end of the times n and it' ; » = 
equated time 

Le. equated time is found by multiplying eadi sum by the time at whidi 
it is doe, and dividing by the sum of the paymMitB. 

This rule Is erroneous in prindfrfe, bring founded upon the supposi- 
tion that tlie reoeiret gains itO^rmt upon the latter sum by receiving it 
beisve it is doe; whereas In fact ha ought only to gain the <ft«ooMi«. bi 
most foestions, however, that occur te business, the error is so trifling, 
timt tile above ml* will always be made use of as the most elig^le me- 
thod. 

C/Ortvc* nutf. 

Let r = interest of £\. for one year, the rest as before, put 

pr — «, — ^ ^ ^t •"•«-• 
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EQV ATIOJH of Time. 

Ite eqnskioa of time, rdatiT«ly to its canses, det»eiidf on two dream- 
•iances; (1) the obliquity of the ecliptic; and (2) the unequal angular 
motion of the ann in its orbit The equation of time, as arising* fh>m 
the first caSe^^ouli l^ 'Ibe oifierence of the sun's longitude and its 
right ascension converted into time. In the first and third quadrants, 
apparent time would precede true ; in the second and fourth quadrants, 
true time would precede apparent; and at the Tropics and Equinoxes, 
true and apparent time would coincide. Also upon tUs supposilion, - 
the equation would be a maximum at 4 points, viz. when the cosine of 
the sun's declination is a mean proportional between radius, and the , 
cosine of the obliquity of the ecliptic. 

The equation of time, as arising from the second cause, would be tha . 
difference between the true and mean anomaly. Hence true and appa- 
rent time would coincide at the higher and lower apsides. From the 
liigher to the lower apside, apparent time would precede true ; from the 
lower to the liigher apside, true time would precede iqpparent The 
equation, in this case, would be greater at two points than at any othev, 
viz. when the earth's distance from the sun is a mean proportional be> 
tween the § axes of its orbit To find it, when both causes are consider- 
ed together, let A be the sun's tnte right ascension, M his mean longt.^ 
tude, V the equation of the Equinoxes in longitude ; then p X cop. 
obliquity s: the equation of the Equinoxes in right ascension, and 

Equation of time = A - M -, X cos, obliquity 

19 

which is to be added to apparent time if positive, and subtracted if 

As the sun's true right ascension is deduced fh>m the true longitude . 
and the apparent obliquity of the ecliptic, both of which vary from one 
age to another; hence tables of the equation of time, constructed for - 
9fiy o^e time, are not true for another. The following Table, there, 
fore, taken from the Nautical Ahaanack for 1828, or leap year, though 
inapplicable when any very nice determinations of the time are requi^u ' 
ed, may yet be useful for regulating common clocks or watches, as the . 
error for the next half century will only amount to a few leoonda^ 
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The aboiG Talil* e» 



BQ0 

Noie.-^The word add in the Table denotes that the equation of tim«t 
as there expressed, must be added to the apparent time, shewn by a 
Dial or other instrument, in order to give the mean or equated time. 
In those columns to which the word ntb is prefixed, it implies that the 
equation of time must be subtracted from the apparent time, in order to 
give the true or correct time. 

If it be proposed to convert mean time into apparent, this is done by 
a contrary process, by applying the equation of time to the mean time 
given, with its title or sign changed, viz. subtracting instead of adding, 
and adding instead ef subtracting. 

EQUILIBRIUM of Floating Bodies. —( Playf air. Bland.) 

1. When the centre of gravity of a floating body is in the same Tertt- 
cal line with the centre of gravity of the fluid displaced, the body re- 
piains in equilibrium. 

8. If in a floating body, of which the transverse section is the same 
from one end of the body to the other, a be the length of the water line, 
c« the area of the section of the immersed part, d the distance between 
the centre of gravity of the whole and the centre of gravity of the im- 
mersed part, and i an indefinitely small inclination from the position of 
equilibrium, the momentum of the force tending to restore the equili. 
Jbriumis 



(w-O^""'- 



at 



If -ja-g- is greater than d, the force tends to restore the body to its 

state of equilibrium, or the equilibrium is that of stabiHiy, 

as 
If ■ g = d, there is no force tending either to restore or destroy 

the equilibrium ; or the equilibrium is that of indifference. 

If V be less than rf, the force bec<nnes n^r&tive, and tends to over- 
set the body; or the equilibrium is that of instability. 
When W remains the same, the stability is proportional to 

When the centre of gravity ef the body is low«r than the centre of 
gravity of the immersed part, d is negative, and the quantity -rs-jf — • 

OS 

<8 afllrmative, whatever be the magnitude of -jg-^j-- 
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If in the axis of the solid, or in the line passing through the two een. 

tres, there be taken a point distant from the oentre of the immersed 

a* 
part by = ' , this point is called the metacentre ; and ^e stability 

will be positive or negative or nothing, according as the metacentre ia 
above, below, or coincident with the centre of gravity of the floating 
body. 

3. If a rectangular parallelopiped float in a fluid, with its altitude a 

perpendicular to the surface ; if its breadth be b, and its specific gravity 

b* 
n, that of the fluid being 1, its stability will be as -g- — n (1 i» n) a*. 

&• . b 

When it has no stability, -2- — n (1 — n) a" = o, and fl= — , 



andn = i+A/l-g^. 



b* 1 

Cor. I. When ^— j is less than -r, or when the height of the solid has 

ft greater proportion to the base of the section than VT : VT, two va- 
lues may assigned to the specific gravity of the body, which will causa 
it to float in the equilibrium of indifference. 

/^ 5 b 
Cor. 2. If n = i, as is nearly the case with fir, a = 4 v — = -rr- 

3 O 

nearly. The truth of this conclusion may be shewn by experiments 

EQUILIBRIUM of an Elastic £odt/.~See EUutic Bodie* equilibrium 
of. 

EQUILIBRIUM of a Point.^See Forcet eompotiHon of 

EQUINOXES, precession of^See Precession. 

ERRORS in Time, in Jstronomi/.^'See Tim&. 

EVAPORATION. 

Mean monthly evaporation from the surfaee of water, from the ex- 
periments of Dr Dobson, of Liverpool, in the years 1772, 1773, 1T74, and 
mb.-^C FMl. Trans., and Manchester Memoirs.) 

Inches. Inches. 

«ianuary >»■«»■>«>—»»»«»«««» i.qU July «>«»««>»i«««— ■«>«»»«•»»«#» 5i>Il 

February .................... 1.77 August ...mm.......*«*..».. 5.01 

March '...«................... 2.64 September ................ 3.18 

April .....MM................. 3.30 October t.il 

■Snay ...•••».......»•••..•*•... 4ktf4 wovemoer *..m.m.*..m.mm i.^> 

100 G 



EYE 

From some v«ry accurate expeHments made by Mr Dalton, tiie mean 
annual evaporation, oiner the whole tiuiace of the ^ohe, has been rati- 
mated at 35 inches ; this gives 94,450 cubic miles for the water aonually 
evaporated over the whole globe.— aee Bain. 

EVECTION.— .9ee Moon. 

EVOLUTES of Curves.^CHigman.) 

To find tite equation to the evolate. 

Let A N = «, and N O = — /3, then may 
the relation between • and ^ be found by 
eliminating x and y from the equations 

y -/ (*). 
1+^ 




JSx. Required the evolute of the parabola. 

Here y« = 111 x 

lf» "*" 2' 

Find values of y and x if^om the two last equations, substitate them in 
the first, and we shall have 

« _ 16 / WN* Iff ,, fit 

.'. the evolute is the semicubical parabola. 

EVOLUTION.— 5ce Involution. 
EXPANSION tfHfHidi and iolids by Hmt.'^See Heoi, 
EXPANSION »f Water. ^See Heat. 
EYE, dimension of, ^c.-^Coddingion.J 

Tha proportions of the •paces oce«pied by the three iHmuran of the 
eye leary in difforent aaanala, as may be«««i «rwHi tiiaMlowing Table, 
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ttken from M. Cwfier** Anattme Coatparee, wliidk diews the puts of 
the axU Ijimg in the several hiuBours. 





Aqueotu 
Humour. 


ChfystaU 


Vitreout 
Hunumr. 


Man ^ 


3 
22 


4 
22 


15 
22 


Dog ..M - 


5 
21 


8 
21 


8 
21 


• 


5 


14 


18 


vIX ••••••••l***«*«>Mt*Mt* 


37 


57 


37 


She<>t) ...<.>»•«■**•••*•. 


4 

n 


U 
1? 


12 
17 




Horse •••••!•#•#•»•• 


9 
48 


4S 


)8 
4^ 




Owl 


9 

27 


a 

27 


8 

27 




xiernng •.•.m...>*v.»« 


1 
7 


5 

7 


1 

7 



The radii of the surfaces of the chrystaUine are iii 

Man as ^,. 12 to I« 

Dog ..». ^ 12 to 14 



Ox.. 



'•••e*««*e««o«e* ••••••••«•• ••••••%e*oo 



6 to 21 



Babbit 14 to 14 

Owl 16 to 14 

The specific gravities of the differeut parts are as follows, that of 

distilled water being 1. 

In the 
Ox. 

Aqueous humour ....^ 1 

Vitreous humour 1.016 

ChrystaUine tens (mean) » » 1.114 

Outer part of ditto .„.« « 1.070 

Inner 1.160 



Tn the 
Cod FuK 



i 

1.013 
1.165 
1.140 
1.200 



As to their refractire powers, they must be more considerable tlian 
their density indicates, on account of the inflammable particles which 
enter Into their composition. 

Dr. Wollaston makes the refracting power of the vitrcuus humour 
equal to that of water, and that_of the chrytituUiue leiu uf the ox greater 
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in the ratio of from 1.38 to 1.447 to 1. Dr. Brewster gives the foUowliiff 
Table, deduced from experiments made on a recent human eye :— 

fWater 13358 

I The Aqueous humour ^ 1.3366 

Refracting J Vitreous humour 1.3394 

power of 1 ^^^^ *^** **^ chrystalline 1.3767 

I middle 1 3786 

I central parts I.399O 

^ whole chrystalline , 1.3839 

Dr. Brewster also gives the following dimensions :— 

Diameter of the chrystalline , 0.378 

' cornea „ 0.400 

Thickness of the chrystalline « , 0.172 

coinea 0.042 

If the humours of the eye be too convex or too flat, an imperfection 
in vision is in either case the consequence : a concave lens will remedy 
the former defect, and a convex one the latter. The following problems 
embrace nearly every thing connected with the theory of spectacles. 

1. Given tifc distance at which a short-sighted person can see distinct- 
ly, to find the focal length of a concave glass which will enable him to 
aee distinctly at any other given distance. 

Let A" = distance at which he can see distinctly, A a greater distance 
at which he wishes to view objects, F = focal length of the required 
lens, then fsee Befraction jjj. Art. 2.) 

i i . 1 , « A A" 

-t — = -t; -1 ; and F = - ■ — 

A" F ^ A ' A — A" 

Cor. If A be indefinitely great, F = A'f. 

». Given the distance at which a long-sigrhted person can see distinct- 
ly, to find the focal length of a convex glass which will enable him to 
«ee distinctly at any other given distance. 

Let A" = distance at which he con see distinctly, A a shorter dis- 
tance at which he wishes to view objects, F = foctd length of the lens, 
then 

"T77 = T — "^ J *nd F = . 

A" A F A" — A 

Cor. If A" be indefinitely great, or the eye require parallel rayt, 
P=A. 
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TABLE, 
OfUktfftcal length of the coiwex or magnifjfing gkuses, common^ requir- 
ed at varUnu c^e^.'-CKUcJuner,) 



Years 
of age. 


Inches. 
Focus. 


Remarks. 


40... 
45 ... 
60... 
55 ... 

do ... 

60 ... 
65... 
70... 
75 ... 

80... 


36 
30 
24 
20 
18 
16 
14 
12 
10 
9 


Convex Spectacles are seldom want- 
ed except to read by candle light, 
tiU 45 or 50. 

Concave glasses called No. 1, are 
equivalent to a convex of 24 
inches focus ; No. 2 to a 21 inch 1 
convex; No. 3 to an 18 inch. 1 



The following is an easy metiiod of finding which of two concave or 
convex glasses magnifies most Hold one in .each hand about one foot 
from yonr eye, and about five feet from a window frame, and the lena, 
tiiroogh which the panes of glass appear least, magnifies most This it 
the readiest way of ascertaining their comparatire power. 



FIGURE of (he sines, ^ 

figure of the sines, cosines, tangei^ secants ; to find the area of, 
4. Figure of the sines. 

Let = arc or absdssa, then area — r X ver. sin. 0. 

When is a quadrant, area — r«. 

t. figure of the cosines. 
Area = r X sin. 9. 
"When 8 is i^ quadrant, area =- r*. 

3. Figure of the tangents. 

Area^r»Xh.l. ^^. 

r 

"When is a quadrant, area ii infinite. 
Cor. The solid, generatad by the revolution af the figure of the tan. 
gents about its base, is equal to a cylinder, thf baa* of which is the cir- 
cle, and height = excess at tfOig. 9 above H 
m G2 



FLU 
i. Figure of the secants. 

Area = r, X h. 1; :;^£ii±-!5IiJ. 

r 

When fl is a qoadrant, area is infinite. 

Cor. The solid, generated by the revolution of the figure of the leeanti 
about its base, is equal to a cylinder, the base of which is the circle, and 
the altitude =r ta*. a 

FLEXURE point cf contrary in mrvet.-^See Injhxion. 
FLOATING bodieK-^ee Specific ^ravitjh, and Mquilibrium, 
FLUBNT&— See Bifferentiai; 
FLUIDS, premtre of.^C Vince, BJmdJ 

1. Tke pressure of a fluid against any surfar4>, in a direction perpen. 
cBcular-«»it, fe" «» tfie are* of tUfr Btdfltct, mtdtfKAted into lite depth of 
its centre of gravity below the surface of the fluid, multiplied into the 
spedflc gravity of the fltiid ; and is .*. equal to the weight of a cyttuder 
of the same ftuid, the area of whose bottom = the given surface, and 
^titude liie deptii of the centre of gravity. 

Hence the pressure is entirely independent of the weight of the fluid. 

Ex. Compare the pressure on the area of a parnbola mth that on its 
circumscribing rectangle, both being immersed perpendicularly to the 
vertex. 

The areas are as S : 3, and the depths of their centres of gravity as 

3 1 

-r I -2* ; >'. the pressures are as 4 : 5. 

2. Hence If a vessel be filled with a fluid, the pressure on any part ! the 
whole weight of the fluid : : the area of that part X the deptli^of its ceiv- 
tre of gravity -: the sc^d content of tbe fluid: 

Ex. 1. In a cone, pressure on hase = 3 weight of fluid. 
2. In a cube, pressure on any side = ^ weight of fluid. 
3; In a sphere, pressnre on surface -= 3 weight 

4. In a panfboloid, pressure on base =-2 weight 

5. In a cylinder, pressure on bottom : preonre on tbaxide t *. di. 

amater of base : 2 altitude. 

3. If a solid of revolution be filled with fiuid, to find the pressure per- 
pendicular to the surface. 

Let the height of the» solid' = A, x and y the ooordki»t«s, then the* pres- 
eure on the eurve sarfhoe 

= 2 JT fl, y rf 2. (*— *) + C. 
lU 
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£s. Let the soriftte be a eeg^ment of a sphere, with its vertex down- 
wards. 

Here t/dl= r <?jr, ,'. pressure — 2rrft, (A — x). dx = 2 rr r (/# jr — 
^ 4f*) J and for the whole segment x ^ H, .'. pressure = »■ r A*. 

4. Upon the principle that fluids press eq^ua^y in all directiuna, and in 
.proportion to their porpondicular depths, depends the principle of tlie 
bydcostatiesU paradox or hydrostatia bellow^ 

fei the kydrnMatio bellows^ as th« aMa of iM orlfiee of the p^ie : »t«a 
of th» 1iell»w^»>0M# : : tre^M of Mm water In t^ pipe abore t^e bdtowB 
.tiMri : mcr welglit sitttahied o» the boa«l. 

Cor. Supposing a given quantity of fluid to be poured into the tube, to 
#Bteni^e how laueh tite wciglit wBI rifSe. 

Let z = teqidl-ed heig-ht, X and y = the area of the secflons of the tube 
and bellows, and let the quantity ponred into the tube = Ix^ 

then X = — - — . 

5. If two fluids commnnicate in a bent tube, their perpendicular alti- 
tudes, above the plane where they meet, are inversely as tlieir spedllc 
gravities. 

Hence the same fluid will sttuid at the same altitude on each side. 
That vpatvr in«yb« ooaveyed by pipes f^*e«i a spring- on tte aide of a hill 
•to a reservoir of equal height oa anotiM* hUi 

JFor Centre af Brtfseure, »€» Centre. 

jI few practicaT inferences from the foregoing propositions. 

1. In a vertical gate, dam, or slufce exposed to the pressure of water, 
the pressure on a square foot at the depth of d feet — 1000 d in ounces. 
Ami if It be reetmig*a!ar and 8 Hs br<*adth, and D its dcpUt in feet, the 
gvassnm \yf Art 9. £tr. & = M)M X #M)* ^ &0a X & S^ ia anxMes^. 

2. If the transverse section of a canal be in the form of a trapezium, 
widntattke top,^ tfeetH^Brandr^bb flie breadth i^ tiie top and bottom 

. respectively, aaid d %m depth mi feet, atid i* be requined to find the pves- 
aore on agate, whiols standing arrosa tte emwl, would dam the water 
up, w«lraTt ai«k of trapev. = i B4. h. d} and depth of centre (rf gra- 

vity = — z==j=— ; .*. the whole presanre in ounces = 500. — —^ — . df. 

aB-i-6 •* 

3. The strongest angle of position for » pair t)f gates for the lock of a 
eauo) ^T* iiver ^ WO". S8'. 
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1. Hie thickness of pipes to convey water is as — • ; where A is the 

height of the head of water,, d the diameter of the pipe, and c the cohe- 
sion of a bar of the same material as the pipe, and an inch square. In the 
game metal, thickness varies ashd. Tliis result obviously only gives the 
proportional thickness : to determine tiie actual tiiickness, we must have 
a series of experiments on which to found our computation. But these 
do not appear to have been carried on upon a sufficiently latge scale to 
inspire us with any confidence in the results. In fact, the tUckness of 
pipes is generally determined Ln practice by experiment, or rather by 
imitating, as near as circumstances will allow, some other work of a 
similar kind. 

Should we, however, suppose, with Dr Gregory, that a pipe of cast 

iron 15 inches diameter, and f of an inch thick, will be strong enough for 

a head of water of 600 feet ; and a pipe of oak of the same diameter, and 

two inches thick, would sustain a head of 180 feet, we should have for 

hd 
any other head A and diameter d, thickness of cast iron pipes = -r^Qg* t 

For the pressure of fluids against dykes-oM Dyke, 

FLUIDS diieharge of, through very email mperturee in ihe bottom or 
sidee ofve9$ele.^C Fince, Bland, Flayfair.J 

1. The velocity at the aperture is equal to that acquired in falling firee- 
ly through | the altitude of the fluid above the orifice, and the velocity at 
the vena contracta equal to that acquired in falling through the whoia 
height. 

Cmr. 1. Hence if A = height of the fluid above the orifice, g =. 38^ feet, 

the velocity at the orifice = "^gK and velodty at the vena contracta 

Cer. 2. If any pressure be exerted on the surface of the fluid, the re- 
lodty of the issuing fluid will be increased. Thus when water is pro. 
jected into a vacuum, as the pressure of the atmosphere is equal to that 

of a column of water of 34feet, v =■ Vsg. (h-^-M), And in goseral, if 
A' be the height of the column of fluid, which would exert the same pras« 
tnre as is applied at the upper surface, 

9-^2g(h^h>), 

Cor. 3. It is found by experiment that the stctioA ai the vena cantrafC. 
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ta is distant from the orifice a little less than the radius of the orifice, and 
its magnitude is about | of the magnitude of the orifice. 

2. If a cylindrieal or prismatic vessel, whose altitude is h, and the area 
of whose section is A, empty itself through a very small orifice a at the 
bottom, the time t of emptying itself 

= -^ X — ^^T = ,3526 X - VT . 
^ g a. a 

and the time that the surface takes to sink from the depth h to any other 
depth A' 

= ,3526 X ~ (^T — ^T'.) 
a , 

Car. The construction of the clepsydra depends upon this Proposition. 
If the whole depth through which the water sinks in 12 houra be divided 
into 144 parts, it will sink through 23 of these in the first hour, 21 in the 
second, 19 tn the third, and so on according to the series of the odd nnm- 
bera. ^ 

Any vessel may serve for a clepsydra, but in order that the fluid may 
descend (which is most commodious) through equal portions of the ver. 
tical axis in equal portions of time, the vessel must be a paraboloid i^ 
the fourth order. 

3. M. Prony deduces from actual experiment, the following formula 
flar computing the discharge due to any altitude, and with any given ori- 
fice. Let Q = quantity of water discharged in cubic feet, d — diameter 
of orifice in inches, H = height of the head of the water in feet, T = 
time in seconds, then 

Q = 3.9103 di T VS- 

If instead of the aperture a pipe of one or two inches in length be in- 
serted, the discharge is increased in the ratio of 13 to 10 nearly ; in that 
case 

Q = 5.1086 d* T ^^• 

f. Bossut has found tliat the discharges due to equal intervals of time,' 
through horizontal tubes of the same diameter, and under the same 
height of water, but of different lengths, not differing greatiy from each 
other, will be very nearly in the inverse ratio of the square roots of these 
lengths. 

6. To find the time of emptying vessels in general ; let ^ = 22% feet, 
^ = depth of fluid at any point of time, m r= area of surface at the ^pth 
X, a •= area of <wificei then the velocity with which the surface de« 

in 
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& * = ^ a J • 

Cor. If aay pressure 1»e exerted en the siurfiMSC of Am &ud, md hf s: 
the height of a coliuiin of the fluid whieh woold exert tke aaae pveetore, 

zdx 



Ex. 1. If equal hemispheres are emptied by orifices in the vertex and 
base, time in the first case : time in last : : 7 : 12 ; the actual time in the 

Uirr{ Srr^ 

first case being -te -=, and ia the latter a^ - 

^ 16 o ^^' . 5 a ^ 

2. In paraboloids, the times are as 1 : 2. 

3. In cones, the times are as 3 I 8. 

4^ In a sphere, time of emptying upper half I time of emptying 
^ lower :: 8 ^^"2 — 7 ; 7. 

& To determiae the time in whieh a cylinder will empty itself into 
a Taeuum, its upper surface being exposed to the pressuce of 
the atmosphere. 
Let h = height of the vessel, and h' = the height of a eolumn of flui^ 
equal to the weight of the atmosphere. Then by Cor. Art 5. 

2m 



t = 



X J(A + A')i- A'* ?. 



6. If upon the altitude of a fluid in a vessel as diameter we describe a 
I circle, the horizontal space described by the fluid from a perpendicular 
orifice at any point in the diameter equals twice the ordinate of the | 
circle drawn from that point, and .*. varies as sin. B, where 8 = the arc 
of a circle, whose diameter is the depth of the fluid, and versed sine the 
depth of the orifice. 

' 7. In jets d'eau» the differences between the heights of the jets and of 
the reservoirs, are aa the squares of the heights of the jets Uiemselves. 
i.e. if H and H' be the heights of two reservoirs, h and h' the heights of 
the actual jets» 

H — A.-H'— A'::A«:A't 

FLUIDS, remtance of.—C Vinee, Bitmd.J 

The resifltaaee to a body moving in a fluid arises from the inertia, the- 
tenacity, and the frietioa of the fluid. But the resistaaee here consiiler. 
ed is that arising solely from the inertia of the fluid. The following ar- 
ticles arc also deduced upon an hypothesis which cannot obtain in real 
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practice ; bpcaase it supposes first, that the medium ixk wfaidi the M>dy' 
moves falls in behind the body in motion, as fast as this moves forward, 
which is not the case, except the veloetty is rerj ami^ ; aad secondly, 
that the particles are so constituted, that after the body strikes them 
tiieir action entirely ceases ; whereas the particles, after they are struck, 
must necessarily diverge, and act upon other particles behind tbem. 
Hence will arise some difference between theory and experiment 

1. Required tiie resistance to a plane, moving in a fluid, in a direction 
perpendicular to its surface. 

Let a =. area of the plane ; v its velocity, to its weight, i the density 
of the fluid -, g = 32*^ feet. R the resistance, R' the retarding force, 
then 



R = 



^g 



&R' = J5 = «^''' 



to 2gw' 

Cor, If the body be a cylinder (rad. = r) moving in the direction of its 
axis, 

" — w 

2. If the direction of motion be not perpendicular to the face of the 
plane, but inclined to it at any angle ^ the resistance p^y^iemlioiifor to the 
planejis • 

g ? gt sin.t 9 
2g 

And the resistance in the direction of its motion, is 

tt > e» sin.» 9 

And in a direction perpendicular to thitt of its motion, la 

a^t* sin* ex COB. 9 
2i • 

Ex. At what / must the rudder of a vessel be inclined to the streufi, 
that the effect produced may be a maximuin ? 
The effect varies (by the 3d Formula) as sin.* 9 X cos. $ = max., /, 

tin, 9 = V p 

3. If a plane figure, or a solid generated by tlie revolution^ a plane 
figure round its axis, move in a fluid In the direction of its axis ; to deter, 
mine the i«tlo of tiie retftMMiotson the curve or surface, and on the base. 
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In a plane figure* 
Res, on base : that on the curre II p : H. ^~ 

And in a solid, 

y dy 
Res. on base : that on the surface It i^ I fl. - ^^ 

' + -5P 

Ex. 1. Let the curve be a semicircle. 

Res. on base *. res. on curve i : i^ : y — ^-g-, which, when ^^ = r, be- 
comes as 3 : 2. 
Ex. 2. Let the solid be a sphere. 
Res. on base *. res. on surface *. : J ^* I i v« — rV : : 2 : 1 wheny = r. 

Hence resistance to a cylinder is double that of the inscribed sphere. 

Cor. Hence if w = density of a globe, whose radius is r, and the speci- 
fic gravity of the fluid be 1, 

err* V* 



R = 



^g ' 



and R' = — = —; \ 5 — = w^^^ ' j or If * = space fallen 

to ^g 3 iQgnr 

through to acquire the velocity o 

2'z 



R' = 



8»r ' 



4. Let a sphere of given diameter be projected in a resisting medimn, 
whose specific gravity is to that of the sphere as 1 I n. Having given 
the velocity of prctjecticm, to find the velocity of the sphere at any dis- 
tance X, and the time of description. 

Let e -=. No. whose hyp. log. = 1, and suppose when x =0^ zz=a, 

tlien 

^/2ga 
3x ' 



gl6nr 



--w.'^G-^.) 



^2e 

& Letaiphericil body datettod in % fl«M from reit by the»ctioB'oC 
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frwrity (tbe rest as before), to find tho veLoeUy at wsj point of the Ue* 
scent, and the time of deseription. 



HereV 



^ 1 ^ 1- ^8-r. 






and T = ^/II^!:^ X hyp. log. i± — -Lz^l^ . 
3^. •• — i / — 8J- 

8 n t* 
Cor. 1. If X be increased sine limite, 6 vanishes, and V = 



J 



Igg'n w—l ^ (^ greatest velodty that can b« aequirad by a syhtri- 
3 
cal body descending in a fluid. 

FLUID elastic.'See 4tmotpkere, 

FLUXIONS.— Sec Differentiab. 

FORCES, the eompontion and refohdion of,^( n'keveU.J 

1. If any tiro forces act at the same poiAt, the fioree, which if ^fiiifa- 
lent to the two, is represented in directwn <md magmitmie by the ittgw 
nal of the parallelogram, of which the rides represrat the wagniUide aad 
direction of the component forces. 

Cor. If p and q be the componeat forros, which contain an angle 6^ the 

rcsoltant will be V/>> -^2pq cos. i-^qt. 

2. Forces may be represented by lines parallel to their direction, and 
proportional to tiiem in magnitude. 

Cor. I. If two sides of a A taken in order represent the mi^gnitude and 
direction of two forces, the third side will represent a force equlTalent 
to them both. 

Cor. 2. If three forces, repreaented im BWgBitode and direction by the 
three sides of a A taken in ordtf , aeton a poiBt* tibey will keep it at rest ; 
and Qonyeisely. 

Cor. 3. If three forces keep itbody in equilibrium, and thr^ lines be 
drawn making with the diraetfoaa of t|ie forem three equal angles to. 
wards the same parts, these three Unaa willfonn a A, whose sides will 
repraseot the thtee foroea req>ectireiy. 

, Cor. 4 U three/«rc88 keep a ^oint at reat, thay are «aeh imreftely as 
the sine of the ^ containnl by Hi^otker Iwo. 
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fUyr. 5, If ihe ^ between two given forces be diminished, tiie resnRaiit 
Is increased. 

Cwr. 6. If any number of forces be represented by sides of a polygon 
taken in order, their resultant will be represented by the line which com- 
pletes the polygon. 

Cor. 7. A number of forces which are represented by all the sides of a 
polygon taken in order, acting upon a point, will keep it at res^. 

3. If the edges of a paraUelopiped drawn from the same point, repre> 
sent three component forces, the diagonal will represent the resultant. 

Cor. 1. If any number of forces be represented by sides, taken in order, 
of a polygon, which is not in the same plane, their resultant will be re. 
presented by the line which completes the polygon. 

Cor. 2. If any number of forces be represented by all the sides, taken 
in order, of a polygon, they will keep a point at rest. 

4. To find, by means of equations among the symbols, which the forces 
and their positions introduce, the resultant of two forces acting at a 
point. 

If we suppose a line, as A x, to pass 
through A, we may determine the posi> 
tions, both of the components and resul- 
tant, by the ^^s. which they make with 
this line. 

Letp and q be the forces in A P, AQ ; 
«, /3 the ^s. which they diake with A x. 
Resolve p into two forces in the direc- 
tions A Xy and A y perpendicular to 
A X, then the resolved parts will be p A. ]M X 

eos. »,p sin. «. In like manner q is equivalent to q cos. /3 in the direc- 
tion A x, and q sin. /3 in the direction Ay. Hence the forces are equi- 
valent to 

p ooe. «, q COB. /3 in A jr. 

p sin. «, 7 sin. /3 in Ay. 

And the reeoltant of p and q will be the resultant of these four forces. 

If we fat 

p eos. « 4- 7 006. j8 =r X. 

psin. «-f7sin./3 = Y. 

and take in A jr. Ay, A M = X, A N = Y, and eomplete the reetangls 

AMRN, A R will be the resoltantofp and 9, and if r be this resultant 
and the z which it makes with A «r» wehare 




FOR 

Y 

•■ - Vx« + Y«» *«»• ^ = X* 

wlienoe the magnitude and position of the resultant are known. 

Cor. 1. By putting the values of X and Y in the expression for r, wa 
shall get 

r = V Jp« + 2pycos. (« — /3) -l-^f 

which agrees with the result obtained in Cor. Art. I. 
Cor. 2. If we call (p and "vj/ the /s. P A R and Q A R, we shall hare 
. a sin. (« -. S) 

jj \P^ + 2pg COS. («-.^) + j« j 

& sin. ,{. = , P8in.(>--.^) 

y {p« + 2/) ? COS. («--^) + 9«J 

5. To find the resultant of any number of forces, Pt p, p, ......... p, in 

lit n 

the same plane ; their directions making with the line A x angles 
«t» »t » « respectively. 

18 8 „ 

By proceeding precisely as before, we shall have, by putting 

p coa • + jo cos. » -4- » cos. » + o cos. « = X 

8 8 8 3 n n 

p sin. » + J9 sin. « +;? sin. « + » sin. » = Y 

/ / 8 8 8 8 » n 

r=v(X«-|-Y«)jtan.fl=I. 

6. To find the restkltant of forces, whose directions are not all in the 
same plane. 

In the preceding case, the forces were resolved in the directions of two 
lines at right /s. to each other. In this case we must resolve them in 
the directions of three lines each at right /s. to the other two, and meet- 
ing together in a point Let us suppose these three lines to be A :ir, A^* 
Az, and letp be a force, and », /3, y the ^s. which it makes with Ax, 
]^y, A z ; the force will then be equivalent to three forces 

p COS. »ia Ax,p cos. fi in Ay, p coe. t' in A^r. 

Kmce if we have forces l>, p« p ..•..* p 

1 • • n ' 



123 



making wil^ A x angles •, «, « 
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with A jf angles /3, ^, fi /3 

» ■ » n . 

with A z angles y, y, y y 

1 a s M 

4nd make 

» COS. « + p COS. ft + o COS. « 4- » COS. » = X 

I I f 8 s s n n 

p COS. ^ +p COS. /3 -i-p COS. /8 ...... -l-p COS. ^ = Y. 

*»**»8 nn 

p COS. y + p COS. y -|> p COS. y ..M.. + p eoil y = Z 
iistts f»n 

the forces will be equivalent to X in A ;r, Y in A^, and Z in Aar. 

If R be the resultant, and B, d, ^ the ^s. which it mains with A :r, A j^, 
A * respectively, we shall have 

R = v< (X« + Y« + Z«) 

, X Y ,, Z 

cos. 5 =. — , cos. »» = -B$ COS- >► =^ ■» 

Cm of the fliree last Equations is saperfluous. 

7. When a point is acted upom by any forces, to fad tb« eoD^tioas of 
«quilibrium. 

In order that there may be an equilibrium, the resultant of all the 
forces must be o. And In order that this may be the case, it is evident 
wc must have in Art 5, X = ©, Y = o ; and in Art 6, X = #, Y = o, 
Z = 0. Hence we have for the conditions of equilibrium in the former 
case 

p COS. «, 4.p COS. » 4.p COS. ee, 4- = 

p sin » 4- p sin. « •4- p sin. « -f> ....»• = o 

1 1 S 8 8 8 

And in tlM latter ease 

p COS. « 4-p COS. « + p COS. « 4> = 

1 18 8 8 a 

p COS. /S +p COS. /8 -I- p COS. /8 4. ...... = o 

1 18 8 8 3 

p COS. y 4-p COS. y 4- p cws. y 4- ...... =r o 

1 1 ^ 8 8 8 

J ORCE.--S«j Afo<io». 

FORCE mocing, or moti€e..^^ee Momentum. 

FORCES, centripetal and ceniri/ugalv^See Central Foreet. 

FRACTIONS continued. 

Coiitinuod fractious arc wry useful when we have a fraction or ratio 

in 
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in very large numbers which are prime to one another, as by their maana 
we may find an approximate value in less terms. 

To represent -r- ii^ a continued fraction. 

Divide as in the rule for finding the greatest common measure, thus 
c)b(g Then-=p + _ 



d)c(r y+ 



«)rf(» r+i&c. 

&c. &c. ' 

The first approximation is p, which is too small, the next p -J- i- 
which is too large, the next p + ^ , which is too small ; and ihvm 

r 
we may form a series of fractions, each succeeding one being nearer the 
true value of the proposed fraction than the one which preceded it. 

This series effractions requires some trouble in their formation after 
the first two or three j but the 3d, 4th, &c. may be expeditiously found 
thus. Arrange the figures of the quotients in a line, as 

p, g, r, *, t, &c. let the successive fractions be -^, ~, -^, ^y2^g^c. then 

to find any of them after the 2d, as -f , we have S — ^^-^^ . ^ __ 

h h r/^ d* I ^ 

sg + e m tk 4r fc o , , , 

th^f ' "m ~ 17+T* • ^**^^® *^6 ^aw of formation is evident 

277288 
Ex. To approxhnate to g^gg, proceeding as if finding the greatest 

-common measure we have for the quotients 

3, 6, 1, 1, 2, 1, &c. 
Now first approximation = »=:3;2d. =o4.— - = 34-—. — 1? • 

we have by the rule the following series of fractions 
. 19 22 41 104 145 ^ „, „ 19 

^ 6"* T* Is* "33"' "46" where 3 is too small, -g- too large, &c. 

FRACTIONS vanishing. 

p 
If «* = — , where P and Q are functions of x, which are both = o 

when xzza, then the value of w, in this case, is the same as the values 

in this case of T-^r-, sr^, ^^, &c 
dQ* d»Q* ^Q* 
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tlenee the vahie of a vanishing fraction may be found by differentia* 
ition, as in the following examples :— 

Ex. 1. Required the value of — wlien x = a. 

n-f 1 

X ^^ X 
Ex. 2. Required the value of — r-, wheu x = 1. 

Here ^ = {« + 1) a** — 1 =«. 

But if it 80 happen that <m substituting a instead of x in -y-^t this 

fraction also becomes — , we must treat it in the same manner as the 

o 

first, and so on, till we arrive at a value of which one term at least is 

finite. 

„ . P a.i-8 4-ac* — 2acjr ,,, o . 

Ex. Let TT = - , « ~:rr , - -, which = — wlien ar = c. 

HP 2ax — 2ac , . . , « . 

Here -r-pr = -^n ITTT which also = -- when x = r, 

But :557^ = -r which is the value of -pr in this case. 

FREEZING.— Stfc Congelation. 

VKlCTlOV.-^CPltti/Jitir.J 

The foUovinag must only be considered as a short abstract of the most 
interesting general results on the Bulgect of Friction, as deduced from 
experiments made by Coulomb and others. 

1. The retardation which friction opposes to motion is nearly u^orm, 
or the same for all velocities. 

fi. The force of frictton is the greater, the greater the force \rith which 
the surfaces, moving on one another, are pressed together, and is com- 
monly equal to between | and ^ of that force j but it is very little affect- 
ed by the extent of the surfaces. 

J{. Friction may be distinguished into two kinds, that of sliding, and 
that of roHIng bodies. The force of the latter is very small compared 
with that of tlie former. 

i. Thp disstance to which a given body >\iil be moved bv percussion in 
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opposition to friction. Is as the square of the Telocity cotmnunicated Uf 
St. Thus a nail is driven by a blow of no great force, into a piece of 
iirood where the mere friction is sufficient to retain it agunst a great 
force applied to draw it out. 

5. "When motion beg^s, the intensity of friction diminishes j it doef 
Hot, howerer, diange afterwards as the relodty changes, but continues, 
as ^eady sidd, to retard with a unHbiTn force. Coulomb found th« 
friction of wood sliding on wood to become less when the body b^^n to 
tftov; than it had been the instant before in the ratio nearly of 8 to Oi 

6. Friction may be measured by placing the body on & i^ane of yari* 
able inclination, and increasing that inclination till the body begin to 
slide. If the weight of the body =- W, and the inclination of the plane 
when the body begins to slide = 6,tAM friction =: W X tan. i. 

7. Time is often required for Motion to attain its maxhnum, uid is 
tiiis respect different substances differ much from one another. 

8. Friction is diminished by unctuous substances ; those that are thin.* 
nest and least tenacious are the best ; piumbi^o reduced to potvder, and 
rubbed on the surface of wood, metal, stone, &c. serves greatly to di» 
minish friction. 

■ 9. TheeAietofMctionmay bediminiskMlbydrawiof ab«dyfo«Hoe 
iaelined at a certain angle to the plane on which it rests. Thus if the 
weight of a body be to its friction on a horizontal plane as » to 1, it will 
he drawn with the greatest ease in the directiMa which makes with that 

{Aane an angle> having for its tangent — . 

n 

10. The Mction of cylinders roHing npcRQ an horizontal plane is in it 
^ect ratio of their weights, and in t^e kiverse ratio of their diameters, 

11. The momenftum of friction is diminished by friction wheels in thtf 
ratio of the radius of the axis of any one of the wheels (they are suppos.* 
ed etjfiai) to Uie perp^^iculi^ height of the axis that rests upon them, 
above the line joining their centres. 

13. 4n wheel catriages, the plane on which they move, and the line of 
draught, btfng beth horizontal, the advantage for surmounting an im^r 
moveable obstacle, of a given height, is as l^e square nnot of the radioa- 
of the wheel, 

Let the whole weight to be moved be W, the radius of the wheel r^ 
/the fovee which drawing horiaoatatty will raise the carriage over as 

immoveable obstaele of the height h s th^0/= W X a/-—. 

m H 
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IS. The stifTacu of ropes, or the force requisite to bend them has m 
great an.'Uogy to friction. In different ropes, the forces requisite to bend 
them are in the direct ratio of their diameters and their tensions jointly, 
and in the inverse ratio of the radii of the cylinders xound which they 
are bent. 

14. The friction of a rope that is wound round a cylinder increases la 
feometricai progression, while the number of turns increases in arith- 
metical progression. 

If the turns be represented by the numbers 0, 1, 2, 3, 4, &c, the rests- 
tanca made by the rope may be represented by the numbers 1, 2. 4, 8, MJ^ 
Sec. 

15. Though friction destroys motion, and generates none, it is of es. 
sential use in mechanics. It is the cause of stability in the structure ot 
machines ; and is necessary to the exertion of the foroe of a nim als. 

FRIGORIFIC Uixture»,^(Ure.) 

Table* of Frigorific Mixture*, n^fideiUfor all tuefulphUotophicul 

purposes. 

FaiGoaiFic Mixtures wrraouT Icb. 



Mixtures. 


Thermometer 
sinks from 
+ 500. 


Degree ofedd 
produced. 


Muriate of Ammonia ...... 5 parts. 

Nitrate of Potash 5 


To + IQtt. 


40®. 


Water 16 


Nitrate of Ammonia 1 part. 

Water 1 


Tp + 40. 


46 


Nitrate of Ammonia ..».. 1 part 

Carbonate of Soda 1 

Water ...•.M.»..i..*. ......••.. i 


To-7». 


57 


Sulohate of SOda •«.■••...... 3 narta 


To — 3«. 


53 


Diluted nitric acid 2 


Sninhate of Soda 6 narta 


To — 14». 


64 


Nitrate of Ammonia ..».. 5 
Diluted nitric acid ......... 4 


Phosphate of Soda ......... 9 parts. 

Diluted nitric acid 4 


To — 120. 


62 


Sulphate of Soda ..».«..... 8 parts. 
Muriatic acid 5 


To 0«. 


50 


Sulphate of Soda ........... 5 parts. 

Diluted sulphuric acid 4 


To-H3«». 


♦7 



N.B. If the materials are mixed at a warmer temperature than 50f, 
fhe afReet wiU.be proportionably greater. 
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.^P^M"*-" 



Mixture*, 



Soow or pounded ice ...... 8 parte. 

Muriate of Soda .m......«... 1 



To — 5« from any temperature. 



Asow or ice ^ 5 parts. 

Muriate of Soda 2 

Muriate of Ammonia...... 1 



Snow 3 parts. 

Diluted suiphuric acid ... 2 



To — 12^ from any temperature. 



From + 32«to — 230. 



Snow 8 parts. 

Muriatic acid ....m....m..... 5 



From4.32«to — 27». 



Snow ».. 7 parts. 

Diluted nitric add ........ 4 



From + 32«to — 300. 



ZMBOI^ ••••••••••••••••••••••••••••• 4 pair lid* 

Muriate of lime 5 



From 4.32* to — 40*. 



8aow .. 
Potaik 



.M*....... o parts. 

>...M.M.. 4 



From + 32 to — 51». 



'•r 



Greatest artificial cold yet measured — 91*. 
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G AUGING.— rfltt<ft>».; 

Rule for flnding the dimensions of a eask, in wine, ale, or imperial gal- 

loBB. 

Let B = imnf diameter, H =: liead diameter, L =4eiigtli of caak, idl 
in inches} then 

(39 Bt + 25 H« + 26 BH) X -i- 

Is Die content in inches, which being divided by 231 for wine gallons ; or 
ky 882 for ale fallons ; or by 277.274 for imperial gallons, wUl be the eoo- 
tent required. 

GEOMETRICAL Progrestion.-^See Progrestiotu 
GEORGIUM Sidw. 

This planet was discovered by Dr HerscEcl, March 13, 1761. For its 
elements, hc.-^^e Planet*, element* nfj and for iU satellited, tee SateU 

me*. 

GOLDEN Kumber.-See Cycle. 

iJRAVtTY, Cemfre •/-«Sm CetUre ofOratHy, 
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CRAVTTY $peci/k.^ryinee. Bland. J 

1. Of the specific gravities of a body aud fluid, haviAff given Uu one, 
to And the other. 

C<ue I. When the body is heavier than the fluid. 

Let w = weight lost by the body when immersed in the flnid, W iti 
whole weight in vacuo, « = spec grav. of the fluid, S - that of the body { 
then 

to : w :: # : s. 

whence « or S may be found. 

W 
Cor. I. If different bodies be weighed in the same fluid, S is as •-- ,froni 

w 

wheaee we may eompare tJie spec grav. oi two bodies. 

Cor. 2. If the same body is weighed in different fluids, # is as «> ; from 
wlience we <;«n compare the spec. grav. of two fluids. 

Ceuet. When the body Q is lighter than the fluid in which it is weigh, 
•d. 

Connect it witli a heavier body F, so that together they may sink. 
Find the weight lost by P + Q, and the weight lost by F, when im. 
mersed ; then the difference = the weight lost by Q ; and .*. its specific 
gravity may be found by the last case. 

2. If the specific gravity of air be called m, that of water being 1, and 
W the weight of any body in air, and W' its weight in water ; then its 
weigl^t in vacuo la nearly 

W + «(Wr»WO. 

3. If 0' be the specific gravity of a body ascertained by weighing it in 
air nd watiar, and m the specific gravity of the air at the time when the 
experiment was made ; tiie correct specific gravity, or that which would 
have been found, if the body h»4 been weighed in vacuo, instead of air, 

is 

^ .f 0t (1 — r). 

4. If a body float on a fluid, the part immersed (Q) : the whole body 
(P + Q) i: sp. grav. (i) of the body : sp. grav. (S) of the fluid. 

Cor. Hence if the same body float on different fluids, Q is as -g- j on 

which principle the Hydrometer is constructed, ^or let the instrument 
be successively immersed in two fluids, and the magnitudes of the parts 
immersed be observed. Then the magnitude of the part immersed in the 
first : that immersed in the second : : spec. grav. of the second fiuid : to 
that of ^e first 

A considerable impreirsment has been made in tito hydrometeri by 
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plttcaQg a anall brass cop on the top of tiie 8t«m> into wHch small weif hts 
may be put> so as to sink it in different fluids to the same point of the 
Mem. Let W = weight neeessary to make it sudc in one fluid, and W 
-I- tc the weight necessary to make it sink to the same point in another; 
^n if one of them is water, the spec. grav. of the other = 1.000 x 

5. If a lighter fluid rest upon a heavier, and their spec. grav. be as a : (, ' 
&nd a body, whose spec. gray, is c, rest with one part- P in the upper 
.flotdi and the other part Q in the lower, then 

p : Q :: 6 — c : c — o. 

fit. If a and b be the spec. grav. of two fluids or solids to be mixed to. 
getfaer, F and Q their magnitudes, and c the spec. grav. of the compound, 

p : Q :: b^a : c^a,and 

wdght of P : weight of Q :: a. (*— e) : b^C'^a). 
Cor. Hmce from the first proportion. 

And from the second, if W and uf =. weights of P aild Q, 

_ (W.no)a& 
*^- Vfb + wa' 

7. Of the magnitude and weight of a body, having given tibe one to 
find flie other. 

Let M = magnitude in cubic feet, S = its spec. grav. that of water 
being 1000, W = weight in avoirdupois ounces, then 

Or let W = its weight in gr^ns, and S its spec. grav. that of water 
being 1, B its bulk in cubic inches, then 

B- ^ 

" — 232,5768* 

Cor. K tlie weight is expressed in pounds Troy, it must be multiplied 
(to ivdttce it to grains) by 5760 ; if in pounds avoirdupois, by 7002. 

We may thus find the magnitude of bodies which are too irregular to 
iMlmit of the application of the common rules of mensuration ; or we may, 
hy knowing the spec. grav. and magnitude, find the weight of bodies 
whi^-h are too ponderoui to be submitted to the action of the balance or 
steel yard, 
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8. To determine the magnitude of an irregular solid, and the eapacity 
of an irregular vessel. 

(j) Weigh the solid in air, and water ; then since a cubic foot of rain 
water weighs 1000 ounces, 

1000 oz. : weight lost ! I I cubic foot ! magnitude required. 

(jj) Weigh the vessel when empty, and full of water, and yon have the 
weight of water it contains, then 

1000 oz. : weight of water I : I cub. foot : capacity required. 

(jjj) To determine the dituneter of any email sphere, whose spec. grar. 
is f, its weight in grains (w) being known 



8 = 1.9612 \ 



fw 



TABLE OF SPECIFIC GRAVITY. 

Extracted from Daoies, Lavoisier^ Young, and other authentic iources. 

^ote.— Water at 60« is assumed 1000 specific gravity. 



MINERAL P&ODUCTIONS. 

Flatina, purified 

hammered 
Pure gold, cast . v-r-.--^ 

hammered 
Mercury 
Lead, cast 

Silver, pure, cast ■^- 
hammered 
Bismuth, cast 
Copper, cast 
wire 
Brass, cast 

wire 
Cobalt, cast 
Nickel, cast 
Iron, cast 

bar 
Steel, hard, not screwed 

soft, not screwed 
Loadstone 
Tin, cast 
Zinc, cast 
Antimony, cast 
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19500 
20336 
-19258 
19961 
13568 

iisas 

10174 
10510 
9622 
8788 
8878 
8395 
85H 
7812 
. 7807 
7207 
7788 
7816 
783S 
4800 
7291 
7190 

ism 
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Trmgsteia : ; 




» 


oOOd 


Arsenic, east 




snm 


Molybdena 






4738 


Spar, ponderous 






4490 


Ruby, oriental 






itita 


Garnet, Bohemian 






4188 


Sapphire of Pay 


^ • 




4076 


Topas, oriental 






4010 








3546 


Diamond, roee coloured 






3581 


white 






35C1 


lightest 






3501 


Olassyflint 






3329 


white . 






1 2892 


bottte . 






S7S8 


green . 






8642 


Fluor . . . . 






3191 


^rpentine, green 






2988 


Mica, black 






2900 


Basaltes, from the Giants* Cai 


osewaj 


r 


2864r 


Marble, white, Parian 






2837 


green . 






2741 


red 






2725 


white, of Carrara 






2716 


Emerald, Peruvian 






2775 


Porphyry, red 






2765 


Jasper . 






8764 


Alabaster, white, antique 




, 


2730 


Calcarions spar, rhombic 






8715 


pyramidal 




t 


2714 


Slate 


, m 




2671 


ntch stone 






2669 


Onyx, pebble . 






2664 


Chalcedony, transparent 






2664 


Granite, %yptian, red 






2654 


Rock crystal, pure 






8653 


Amorphous quartz 






8647 


Agate, onyx 






2637 


Camelian 






2613 


^ffdonyx 






2602 


Purbeck stone . 






. . 2601 


-FUnt, white 


, 




25M 
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flint, Iblackish 




; ftm 


Afttte, oriental 




2S0O 


Prase ..... 




2500 


Portland stone 




85W 


MUUtone '. 




2483 


FaWng-stone . 




2415 


Toachstone 




, . . 2415 


Porcelain, Chinese 




2384 


Ijaspia obaidianuB 




2348 


.Selenite 




2322 


Grindstone 




214e 


Salt 




2130 


Sulphur, native 




2083 


Kitre 




, . 2000 


JBrick ^ . / , 




2000 


Flwnbago 




1880 


Ahun .... 




ITBO 


Asphaltum 




1400 


Coal, Scots 




1300 


Newcastle 




1270 


Staffordshire 




1240 


Jet . . . 




1238 


letii probablp 




890 


Fnmicc-stone . 




914 


UQUI08. 




Svdphoric acid . 


1840 


Ph. London 




1850 


Kitrous add. Ph. London 




1650 


Nitric add 




1217 


WAter of the Dead Sea 




1840 


Sea Water 




1026 


Muriatic add . 




1194 


Water of the Seine, filtered 


1001 


Naphtha 


708 


XLA8TIC FLUID 


8. 


Kinvan. 


Ztfooifier. 


Barometer, 


30. Thewnometer 58«. 


Sulphureoad acid gas . ^-Zf^ 


— 


Carbonic a«nd gns . 1'50(» 


•00176 


Nltrouiga* . - I'VJl 


»— > 


I'M 
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Kirwan 


* 


Lmwnm'er. 




Barometer, 30. Thermomoter 58«. 


Hepatic gas 


1106 


^.^^ 


Oxygen gas 


1103 


•06137 


Atmospheric air 


I-OOO 


•00128 


Nitrc^n ^ 


•085 


•00120 


Ammoniacal gas 


•600 




Hydrogen gas . 


•084 


•000006 


VBGETABLB PRODUCTIONS. * 




Sugar, white . 


> • • • 


1606 


Gvm Arajbic 


• • • • 


1498 


Honey . 


• • • « 


1450 


Catechu . « 






1S9B 


«tch , 






UflO 


Copal, opaque . 






IMO 


Yellow amber , 






vm 


Kallosey.. Madeira 






1038 


CWer . 






1018 


yiBegar, (Ustille4 






1009 


Water«t60« . 






1000 


BoordMox wine 






904, 


Burgundy wine. 






991 


Turpentine liquid 






901 


Camphor. 






688 


linseed qU 






940 


jEtastic gum , 




f < 


933 


ANIMAL SUBSTANCES. 




I^arl 


« • • • 


2750 


Coral . 




» • 'I 


9680 


Shoep's bone, recent 




k • 




Oyster shell 




• 


auus 


Ivory 




• • 


1917 


Stag's horn 




t * •* 


1875 


Ox's horn 




■ « 


1810 


Isinglass 




p • 


lUl 


Egg of a hen ^ 




■ '• 


1000 


Htunan bjood . 




• ■• 


1063 


Milk cow's , 




» «• 


1QB8 


Wax, white .. 




> • 


908 


yeUow , 




• -• 


065 
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Spermaceti 


« 


• 


a 


4 


4 


913 


Btttter 046 


Tallow 948 


Fat of hogs 987 


▼eal 984 


mutton 9es 


beef 9» 


AmbergHease . SM 


LampoU 98S 


WOOM. 


Pomegranate tree ..... 1864 


lignum TitsB .... 






l.tR 


Box, Dutch .... 






1388 


Eboi^r ..... 






1177 


Heart of oak, 60 years felled 






1170 


Oak, English, just felled 1 
the aame, seasoned i 






nils 

I 748 






osnally stated at 






986 


Bog oak, of Ireland . 


i 






1018 


Teak, of the East Indies 


_< 


from 746 to 897 


Mahogany 


I 


from 1003 to 087 


Pear tree trunk 




• 


«M 


Medlar tree 




« 




944 


Olire wood 






k 




WT 


liOgwood 






» 




981 


Beech 










85S 


Ash 










from 845 to eOO 


Yew, Spanish 










807 


Dutch 






1 




788 


Alder 










900 


Elm 






» 




frwnSOOtoOOO 


Apple tree 






1 




798 


Plum tree 










735 


Maple « 










755 


Cherry tree 




' 






715 


Quince tree 










705 


Orange tree 










'706 


Walnut . 






1 




871 


Pitch pina 










4I0O 


Red pine 






■ 




W1 


"Yellow pine 






1 




5S9 


13& 
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Whiteplae . 429 

Fir, of Kew England KS 

of Riga 753 

of Mar Forest, Scotland . ... 608 

Cypress ....... 644 

lime tree ...... 604 

FUbertwood ...... 600 

WUIow SB6 

Cedar SOO 

Juniper 556 

Fo|^, white Spanish . . . . SS9 

oommon ..... 388 

Sassaftus wood ..... 483 

Larch, of Scotland 590 

Cork 940 

GREGORIAN Calendar.^JSee Calendar. 

GULDINUS' Property. --^ee Solids and Surfitees. 

GUNNERY, leading prmeipleM o/.^CHuttmLj 

1. To find the initial yelocity of a shot 

Let^ = weight of powder, B of the ball, v the initial Telocity, then 

o = S000a/^. 

Cor. 1. The initial Telodtj of ashot varies from 1000 to SOOO feet per 
•econd. 

Cor. SL B e* = (SOOO)*. P, Le. the ^ffooi of a shot is nearly as the qnan- 
tity of gunpowder. 

t. If «0 = weight of any ball, <f its diameter. 

w = .5036 tfl in pounds. 

a To find the resistance of the air to any ball or prctjeetile. 
Let d = diameter of ball, v its yelodty, r = resistance in avoirdapois 
poondfafhen 

••-ISBCaeoo-'V 

Bjf. Resistance to a baO, whose diameter = 2.78 inches (or weight 
3 lbs.), when thrown with a velocity of 1800 feet per second, = 176 lbs., 
more than 56 times its own weight 

4 Supposing the air to resist according to the law Just assigned, re* 
quired the height to which a ball will ascend perpendicularly. 
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Let tf ^ diameter of ball, e the velocity of projection, h s: kelglit ai- 
cended, tb.en 

£jr. A ball of 1.05 lbs., discharged with a velocity of SOOO feet, will 
ascend to the height of 296iO feet ; in vactto it would have ascended to the 
height of 1 If miles. 

5. If a body descending in the atmosphere has acquired such a velocity 
that the vesistance is equal to its weight, the accelerating aM retarding 
forces being equal, its motion will become uniform; to taoA this termi- 
nal yelodty, 

|^-r = 62a6rf. 

a quadratic equation, from whence v.may be found. 

Ex. For an iron ball of 1 lb. the terminal veloci^ =- 2Mi feet ; for one 
of 42 Ibe. it is 456. 

6. The best charge of powder is about -r- or — of the weight of the 

1 
ball; for battling -^ : a24.pouBder with 16 pounds of gni^wder at 

1 

aneleration of 45* ranges 30,050 feet, about t of the range that would 

5 

take place in a vacuum. The resistance is at first 400 pounds or more, 
and reduces the velocity in a second from 2000 to 1200 feet in the first 
UOO fetL-^C I^Smm^T' ^M. ^f^J 

GUNPOWDER.— 5«e Gunnery and Steam. 

GYRATION, Cen^t tf.^^ee Cmtre ^ eyratim. 
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KARMONICAL Progresiufn.*^See Progregsion. 

HARVEST Moon.^CMaddy.J 

^o find the retardation of the Moon*s rising on snccessive nights^ 

Let the moon's daily motion = m, the inclination of the moon's orbit 
to the horizon = n, latitude of the place = I, moon's declination =s i, 
thf>n the diflSerence of 13ie times of rising on succeeding days (D) ia 
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Hence may be explained the phtenomenoii of the Harvest Moon, pre^ 
miaing that when the Ist point of Aries rises, the ecliptic makes the least 
BD^e with the horizon. For if the moon's orbit be supposed to coincide 
with the ecliptic (which it does nearly) sin. n is least when the moon 
rises in Aries ; therefore the numerator of the above expression is then 
least; and because cos.* ^ = I, the denominator is^hen greatest; .'. on 
both accounts D is least, and if the sun be at the same time in libra, the 
mo<Mi is that at the full ; therefore the full moon, which takes place near 
the autumnal equinox rises nearly at the same time for several nights, 
and at this is near the time of harvest in north latitudes, it is called the 
Harvest Moon. 

HEAT, varioui Toilet relating to. 

Table I. 

TaUe of the effect* ofJieat on different substances accordiug to FahronhoiVs 

thermometer and Wedgtcood's.-^C Wedgwood, J 

Fahr. Wedg. 
Extremity of the scale of Wedgwood *,^ 32Sm« 2400 

Greatest heat of his smaH air furnace «.«~ 21877 160 

Chinese porcelain softened w.«, -.^ — — ' 156 

Cast iron melts .^^^ ^^^ ..^^ 179T7 130 

Greatest heat of a common smithes forge r^' 17327 125 

Derby porcelain vitrifies ..^^ .^ -:— 112 

Welding heat of iron greatest ...^ ..^ 13127 S5 

least .^^ w«~ 12777 SO 

Fine gold melts »w» .«^ ..^ 5237 32 

Fine silver melts ««^ ^.^ ^^^ Vlll 28 

Swedish copper melts ..^ ».««* 4587 27 

Brass melts «.^ ..««. ..««. „,^ 3807 21 

Enamel colours bumt.on •»»• ..««. 1897 6 

Bed heat fuUy visible in day light .^^ 1077 

in the dark r.^ 917—1 

Mercury boila <w«^ ***>• .. •«>** 600 ••# — S^sg 

A 098 
Water boila .»««. .mm mwm 212 ... — unix 

512 
Vital heat w>^ ***^ ^^^ S7 ... — 7= 



1000 



Water fri^wes 



Proof spirit firfeies 

IS$ H2 




it E A 

Pahr. Weisr. 

596 
Mercury freezes ,^^ *^^ w*^ . 40 ... . ^innn 

Table II. 

TcMe of the congealing or concreting temperatures of variout liquids 6jr 

Fahrenheit's scale.— C lire.) 

Sulphuric ether ««»« #»>«<« •»«» — 46t 

liquid anuBonia ..wm ««#». •««« -» 46 

Nitric acid sp. gr. 1.464 «.«*. »««m •#««• — 45.5 

Sulphuric acid sp. gr. 1.6415 .««m »««« «• 45 

Mercury •»»«. ««m<* •»»«• wm« •— 39 , 

Nitric acid sp. gr. 1.3290 ^^^ .^^ — 2.4 

Brandy ««««« irr#^ Mvm. «wmw "^ 7.0 

Alodtol 1) water 1. •»««# msm* •««»« «■ 7 

Alcohol 1, water 3 *e**»^ ***** **»** 4> 7 

Oil of turpentine ***** ***** *****, 14 

Strong wines ****m ***** ,***** ***** 20 

JSlOOQ. ***** ***** ***** ***** 25 

Vinegar ***** ****» ***** ****** 28 

Sea water ***** ***** ***** ***** 28 

Milk ***** ***** ***** ***** 30 

water * **** ***** ***** ***** jz 

Olive oil ***** ***** ***** ***** 36 

Sulphuric acid, sp. gr. 1.741 ***** *****. 43 

jl atlO iV * **** *r*** ***** ***** .70 

Spermaceti ***** ***** ***** ***** 112 

Yellow wax ***** ***** ***** ***** 14? 

"White do. ***** ***** ***** ***** 155 

'Xln ***** ***** ***** ***** ***** 4rC6 

Xtead ***** ***** ***** ***** 612 

Zinc ***** ***** ***** ***** OoO 

The concreting temperature df the bodies above tallow^in this Table, 
is usually called their freezing or congealing ptrfnt, and of tallow and the 
bodies behnv it the f ushig or melting point 

Table IIL 

Table of the boiling points by Fahrenheit's scale of a few of the most im- 
portant liqtddSf under a mean barometruxU pressure o^30 imchesj— 
cure.) 

Ether sp. gr. 0.7965 at IB* ***^ Gay Laasae ^m*. 100* 
Alcohol sp. gr. 0.813 ,»m» m»w Ure «»^ ,«^ 17a5 
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Nkrie fteid sp. gr. 1.500 

Muriatic add sp. gr. 1.094 
!)•. 1.047 

Nitric acid ,..^ JL16 
Oil of torpentine ...^ 
Sulphuric add, sp. gr. l.ao 
Do. 1.818 

linseed eii 
Mercury 



Dalton 



Dalton 

Do. 

Do. 

Ure 

Dalton 

Ure 



9M 
212 
232 



310, 





••••••••••••••■ 


2130 


.5^1 


30- 


5 


••••••••••••••« 


212- 


79 


30. 





•••«••••••••••• 


212. 


00 


29. 


5 


•^••••••* •••«• 


211. 


20 


29. 





•••••••••«••••• 


210. 


38 


28. 


5 


••••••••••••••• 


209. 


55 


sa 



5 


^AaaaAa a a^^a^ ^ ^ 


208. 
807. 


69 
84 


27. 




«7. 





•■••••■••>••••• 


200. 


96j 



220 
316 
240 
600 
640 
656 

Table IV. 

Boiling temperature of water. 

Height of the boiling point in Fahrenheit's Thermometer at different 

heigktt of me Barometer. 

Barom. Ht of boiling j^oint 

And in general Dr Hor8ley*8 rule dedo- 

99 
ced from De Luc is, height = qwoOOO ^ 

"log. «.— 93.804, where • = height of Baro- 
meter in lOths of an inch. 

In an exhausted receiver water boils at 
980. or 1000. in Papin's digester at 412*. 

From this variation in the h^ihtof the boiling point, arising firomthe 
variation of the pressure of the atmosphere, an ingenious instrument 
caUed the Thenaometrical Barometer has been invented by Sfr WoU 
iastMi, for ascertaining tiie heights of mountains ; it i^pearing from 
General Roy's experiments, that a difference of lo. in the boiling point 
corresponds to 535 feet in hdght Let .*. n = difference of boiling points 
ftt the bottom and top of a mountain, thenio : no :: 535feet : i»X535 
= {^proximate height. To correct it fat the tonpMature 9i the air, let 
m = mean temperature of the top and bottom, ascertained by a cfunmon 

thermometer, then (tee Barometer) «, 535 X (I + ••-'Si* X .00244) 
= correct height— /"PM. Trans.) 

Table V. 

linear expansion of solids by heat. 

^Dimensions which a bar takes at 212o toJiose length atSSfiis I.OOOOOO.-* 

{Ure.) 

Glass tube ....^^ •»»«• Smeaton **^ 1.00063333 

Do. »«««» MVMM •««»« Roy «<««* •»««• 1.00077615 
Deid •«M» »MM VMM. Roy, as glass 



«« A 



Ttatina 






Trooghton 


r**** 


i.00099190 


CaatirMH prism 








1.00110940 


«fceel rod 






Roy ,M«^ 




i.00114470 


Iron ...^M 






Smeaton 




1.00125600 


Iron wire 






Trooghton 




4.^144010 








Ellicot 




1.00150000 


-Copper 


^^^^ 




Troughton 


••««. 


1.00191880 


•Brass 






Laplace 




1.00186671 


Brass wire 






Smeaton 




1.00199000 


^rer 






TroiightoB 




1.00i!«8ii6 


Tin ,..„ 






Laplace 




1.00217298 








Smeaton 


*00»» 


1.00^86700 



Table VI. 

Expansion of liquids. 

pUatation of the volume ofUguidt by being lieatedjrom S29 to SIS^.— (" Ure.J 

1 
53 

J_ 

59 

1^ 
54 

1 
55.$ 

1 



jBfercury 


-^ 


Lord C. Cavendish «m^ 


0.018870 


Do, 






aonooo 


Do. 


— 


Shuckbui^h ^^^ w«~ 


o.oia5io 


Do. 




Da Long and Petit .^^ 


0.0180180 


Do. 


«rMW 


Do.from2120to392» 


0.190184S 


Do. 


•WWM 


Do. from 392o to 57S« 


a0188700 


Water 


Kirwan firomSO*. its max. dens. 


a01832 



Muriatic add sp. gr. L137 DaUon 

Nitricacid, sp. gr. 1.40 .^^ Do. 

.Sulphuric acid sp. gr. 1 . 85 Do. 

Alcohol M-^Mi 4WM,. Do. 



^'ater saturated with salt Do. 



O.O0QQ 
0.1100 
0.0600 
OillOO 
0.0500 



5iSd 

1^ 
53 

1 
23.06 

W 

9 

1 

I7 
J_ 

I 



VOft 



Snlphork etiier 


MmM Do. Mww 0.0700 


Fixed oik .mm 


,M^ Dk ^^ 0.0800 




Taiie VIL' 



I 

li 

I 

12.» 



Sxpantionlof wtter.*»C UnJ 

llie mMrimnm density <^ wftter is at SO*., and it is a ringolar tu^ tliat 
tiie esfiNuisioii of water is the same for any number of d^jees above or 
below the maximum of density ; tiius tlie density of water at 38* and at 
46s is precisely the same. The following Table, the result of experi- 
ments by Sir Charles Blagden and Mr Gilpin, shews this in a dear light 



Sp, Or. 


Sulk of 
water. 


Teti^>erat, 


BulkQf 
water. 


Sp.Gr. 


% 


1.00000 


S0» 


1.00000 




1.00000 
0.90000 
a00998 
0.90906 
0.90004 
090001 
0.90088 


1.00000 
1.00001 

i.ooooe 

1.00004 
1.00006 
1.00006 
1.0001S 


38 
87 
36 
35 
34 
33 
3S 


40 
41 
42 
43 
44 
45 
46 


1.00000 
1.00001 
1.00008 
1.00004 

1.00006 
1.00008 
1.00012 


1.00000 
0.99009 
0.90008 
0.99996 
0.90094 
0.90001 

aooosB 



This law of maximum denrity does not prevail in the case of tea water i 
on the ocmtrary, Dr Maroet found that sea water gradually increases in 
weight dowii to the freezing point 

HORIZON, Z>^ or depreuion of. 

In observing an altitude at sea with the sextant or reflecting drde, 
the image of the oldect is made to coincide with the visible luNrison, but 
as the eye is elevated above the surface of the sea by the bright of the 
ship*s dedc, the visible horison will be below the true horixontal plane. 

The frilowing Table gives the dip or apparent depression of the hori- 
wn for diiforent elevations oX (he eye, allowing rr for terrestrial refrac- 
tion. The dip most be always subtracted from the observed altitude 
when taken by the fore obtenratioo, but added to it in the bade observa- 
tion, 
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Feet 
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1 
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HOUR, decimal pari* of.'-See Time. 

HYDROMETER.— Sec Gravity specific. 

HYDROSTATIC AL paradox, or beUowt.-^See Fluid*, presntre ef. 

HYPERBOLA, principal properties of.— See Conic Sections. 



ICEBERG. 

According to the experiments of Boyle and Mairan, the volume of no- 
lid compact ice is to that of sea water as 10 to 9 j therefore the volume 
of ice virhich rises above the surface of the water is to that which sinks 
below it as 1 to 9. Supposing .'. a cylinder of ice to rise above the sur- 
face of the sea 200 feet, which does not exceed the height of some ice 
islands described by navigators, its depth under water would be 1800 feet, 
and ilB whole height 2000 feet But it is probable that this considerably 
exceeds the actual height of the Polar Icebergs. For first, the shape of 
these floating bodies is probably somewhat pyramidal, the part immersed 
being the broader end. And in the next place, as Mr Wales observes, 
the ice, which composes these masses, is comparatively light and porous, 
being chiefly snow and salt water frozen together, and bearing not per- 
haps a greater proportion to the weight of salt water than that of 5 to 
6, or 6 to 7 at the utmost. 

Icebergs in both \ spheres are sometimes carried by currents as low a* 
40» latitude. 

JETS d*eau.-JSee Fluids, discharge of. 
IMPACT of hard and elastic bodies.^-^ee Collision. 
IMPERIAL weights and measu/res.'^See Weights. 
INCLINED Plane. 
L Eguilib-riwn of bodies upon inclined p!anes. 

Let P = power, W = weight,/) = pressure, H = height of the plane, 
B = base, and L = length, « = ^ of inclination of the plane, /3 = ^ 
which the direction of the power makes with a perpendicular to the 
plane, y = ^ which the direction of the power makes with a perpendi- 
cular to the horizon j then when a body is sustained upon the plane, we' 
have the following proportions :— 

p : w :: sin- « : sin. $. 
Pip :: Bio. » : sb. y. 

p iVf :; sin. y : tin. /». 
}iB 1 
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Cor. 1. When the power acta paraHel to the plane. 



P : 


w 


• • 

• • 


H : 


L. 


p : 


p 


• • 


H : 


B. 


p '- 


w 


• • 

• • 


B : 


L. 



Cor. 2. When the power acts parallel to the base, 

p : w :: H : B. 
p : p :: H : L 
p : w :: L : B. 

C0r. 3. If W and « be invariable, P varies as 



1 



when it acts in the direction of the plane ; and is indefinitely great, 
when it acts perpendicular to the plane. 

Cor. 4. If P and » be invariable, W varies as sin. /3 ; .*. W is fh« great- 
est, when P acts in the direction of the plane, and the least whea P act» 
perpendicular to the plane. 

Car. 5. If P and « be given, p varies as sin. y, and .*. is the greatest 
when P acts parallel to the base. 

Cor. 6. If two weights P and W sustain each other on two planes, 
whose lengths are L and 1, and which have a common altitude by means 
of a string passing over a pulley fixed at the intersection of the planes, 

p : w :: L : /. 



Cor. 7. If the pulley be above the in- 
tersection of the planes, as in the an. 
nexed figure, 

P : W :: sin. B C A X cos. D P A 
: sin. A B C X cos. D W A. 



Cor. 8. If a string fixed at A pass round 
the weight W, and then be parallel to the 
plane, 



p : w :: i H : L. 
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C&r. 9. If ft body be 8iq>ported on two 
tedined planes, the pressores on A B, B C 
and the weight of the body are represent- 
ed by sin. C B £, tia. A B D, and sin. C B A 
respectively. 




£ 



II. Inclined planes^ motion of bodies down. 

I. The force which acodemtes or retards a body's moti<Mi upon an in. 
dined plane, is to the force of gravity, as the height of the plane to its 
length. 

Hence if g = 22% feet, accelerating force = —-■ ; or if • = plane's 
indination, accelerating for-;e = g X da. •. 

Cor. 1. Hence if in the formulae for the rectilinear descent of bodies 
(900 MfUmJ we snbetitate g x r-> or g X sin. »fbr F, we ahaO have. 
If the body descends from rest, 

fX 

» = -j-Xg* = 8in. «Xgt 
i=^X-^=8in.«X2j-. 
,= J^X "^ ^ 



H 2g "" 2gX8in.«' 

Cor. 2. The velodty acquired in falling down the whole length of an 
inclined plane varies as ^H- 
Cor. a The time of descent down the whole length of an inclined plane 

varies as -—z. Or If the iudinatiou be given, Le. if H varies as L, T va- 
v'H 

riesas ^L- 

2. If chords be drawn in a circle from the extremity of that diameter 
which is perpendicular to the horizon, the velodties which bodies acquire 
by falling down them are proportional to their lengths ; and the times oi 
descent are equal. 

C^r. Hie times of descent down chords indifferent drdes are iu» the 
square roots of the diameters. 
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3. If a body descend down a system of inclined plaaes, the velocity ac 
<iaired, on the suppositiou that no motion is lost in passing from one plane 
to another, is equal to that which would be acquired in falling throng 
the perpendicular height of the system. 

4. If a body fall from a state ef rest down a curve surface which is per. 
fectly smooth, the velocity acquired is equal to that which would be ac- 
quired in falling through the some perpendicular height. 

5. The times of descent down similar systems of inclined planes, simi- 
larly situated, are as the square roots of their lengths, on the supposition 
that no velocity is lost in passing from one pluie to another. 

INFLEXION, paifU of in curve*. 

To ascertain the point of contrary flexure in any carve, find the 2d 
differential of the equation of the curve, supposing dx constant, and we 

shall have a finite value of -j—g > which must be put equal to either 

xero or infinity. By means of this equation, and that of the curve, we 
can determine those values of x and y, which belong to the point or points 
of contrary flexure. 

£x. 1. Let the equation bey = 3ar4.i8jrs — 2jri. 

Here — ^ = 12 or — 36 = o, .*. * = 3. 
a x* 

t. Let the curve be tlie cubical parabola, whose equation is j^ = ot 4r. 

-~d^V 2 _ ^ -E 
Here , g" = q- •*■ j ao j= o, ,*. jr = o, or the point of in- 

Hexion is at the vertex. 
For the point of inflexion in spirals-^cc SpiVo/*. 

In general there cannot be a point of contrary flexure, unless the first 
differential coefficient, which does not vanish, for a particular value of 
the abscissa, be of an odd order.— See Maxima and Minipa. 

INTEGRAL.— Sec DiffereiUiai. 

INTEREST. 

Interest simple. 

Let P = principal, r = interest of £1. for one year, I the interest <rf 
P, and M its amount in the time n ; then we have the following equa. 
tions, from which any of the quantities may be found, the rtst b«iBg 
^ven. 
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I = nr P. 

M = P + n r P = (1 + »r.) P. 

M 



Discount of M £ = M — 



l + nr 
Tk« toUowiag Tables will raach facUiU^ the c<MBputatioa of timj^f 



Interest :— 



TABLB I, 



0/ the Interest •/ £1. for any number of tkuft cU different rata of 

Interett. 



No. of 
Days. 


S per Cent 


3% per Cent 


4 per Cent. 


^% per Cent 5 per Cent] 


1 


•0000821 


•0000958 


•0001095 


•0001288 


■0001369 


8 


-0001641 


•0001916 


■0002191 


•0002465 


•0002739 


S 


■0002465 


•0002876 


•0003^?87 


•0003608 


•0004100 


4 


•000a?87 


■00038a5 


•0001383 


•0004931 


•0005479 


5 


•0004100 


•0004794 


•0005479 


•0006164 


•0006849 


6 


•0004931 


■0005753 


•0006575 


•0007397 


•0008219 


7 


-0005758 


■0006712 


■0007671 


0008630 


•0009580 


6 


■0006576 


•0007671 


■0008767 


•0009863 


•0010958 





•0007397 


•0008630 


•0009863 


•0011095 


•0012328 


10 


■0008219 


■0009589 


■0010958 


■0012328 


•001S698 


SO 


•0016438 


■0019178 


■0021917 


■00^4657 


•00^^7397 


SO 


•0024657 


■0028767 


•003"i876 


•0036986 


•0041095 


40 


•00J12876 


■0aSR,S56 


■0043835 


■0049315 


•0054794 


60 


KKH1095 


•0047945 


•0054794 


•0061643 


•0068493 


60 


•0049315 


•0057534 


•0005753 


•0073072 


•008-^191 


TO 


•0057534 


•00671-^3 


•0076712 


•008()301 


•001)5890 


80 


•0065753 


•0076712 


■0087671 


•0093630 


•0109589 


90 


•0073972 


■0086301 


•0098630 


•0110958 


•0123287 


100 


•0082191 


■0095890 


•0109589 


•0123287 


•0136086 


SOO 


■0164382 


•0191780 


•0219178 


•0246574 


•0-i73972 


SOO 


0246^73 


•0287670 


•0328767 


•0369861 


•O410958 



. 



nils Table it is obvions will famish, by the addition of two or three 
of its numbers^ the interest for any number of days* and the following 
will in the same way find it for any number of years. 
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TABLE II. 
Of the Interest of£\. for, any number of years not exceeding 25, (U Affer- 
ent rates of Interest. 



Vo. of 
Years. 


3 per Cent. 2>% per Cent. 


4 per Cent. 4)^ per Cent. 


5 per Cent. 




1 


•0300000 


•0350000 


•0400000 


•0450000 


•0500000 


2 


•0600000 


•0700000 


•0800000 


•0900000 


•1000000 




3 


•0900000 


•lft50000 


♦1200000 


•ia50ooo 


•1500000 




4 


•r20oooo 


•1400000 


•1600000 


•1800000 


•2000000 




5 


•1500000 


•1750000 


•2000000 


•2250000 


•2600000 




6 


•1800000 


•2100000 


•2400000 


•2700000 


•3000000 




7 


•2100000 


•2450000 


•2800000 


•3150000 


•3500000 




8 


•2400000 


•2800000 


•3200000 


■3600000 


•4000000 




9 


•2700000 


•3150000 


•3600000 


•4050000 


•4600000 




10 


•3000000 


•3500000 


•4000000 


•4500000 


•5000000 




11 


•3300000 


■3850000 


•4400000 


•4950000 


•5500000 




12 


•3600000 


•4200000 


•4800000 


•5400000 


•6000000 




13 


•3900000 


•4550006 


•5200000 


•5850000 


•6500000 




14 


•4200000 


•4900000 


•5600000 


•6300000 


•7000000 




15 


•4500000 


•5250000 


•6000000 


•©750000 


•7500000 




16 


•4800000 


•5600000 


•6400000 


•7200000 


•8000000 




17 


•5100000 


•5050000 


•6S0000O 


•7650000 


•8500000 




18 


•swoaoo 


•ajooooo 


•7200000 


•8100000 


•9000000 




19 


•5700000 


•6650000 • 


•7600000 


•8550000 


•9500000 




20 


•eoooijoo 


•7000000 


•8000000 


•9000000 


1-0000000 




21 


•6300000 


•T350000 


•8400006 


•9450000 


10500000 




22 


•6600000 


•7700000 


•8800000 


•9900000 


1-1000000 




23 


•6900000 


•8050000 


•9200000 


1.0350000 


11500000 




24 


^200000 


•8400000 


•9600000 


rosooooo 


1-2000000 1 


25 


•7500000 


•8750000 


10000000 


1 •1250000 


1.2500000 1 



To find the Interest of any sumtfor a given time, by the precetiing Ttibles. 

Add together the interests for the several periods corresponding with 
the proposed rate of per cent, and that sum multiplied by the principal 
will be the interest required. 

Interest compound. 

Let R = ^1. and its interest for one year = 1 + r, M the amount of 

P £ in n years, then 

M = PR» 

M 

Discount of M i; = M — where n must be greater than one year, 

R»» 
otherwise only simple interest can be allowed. 

If besides the interest being converted into principal atlihe end of every 

year, the sum P is at the same time annually invested in capital then at 

the end of n years. 



150 



R — r • 



INT 



TABLE I. 



Wkawing the sum to tehieh one pound will increase when improved at Cam=- 
pound Interest during any number of years not exceeding 50. 



Years. 2% per Cent] 


3 per Cent. 


4 per Cent 


5 per Cent. 


6 per Cent 


1 


1-02500 


1030000 


1-040000 


1-050000 


1060000 


2 


105063 


1-060900 


1-081600 


1-102500 


1-1-23600 


3 


107689 


1-092727 


1-124864 


1-1^625 


1 191016 


4 


110381 


1125509 


1-169859 


1-215506 


1-262477 


5 


113141 


1-159274 


1-216653 


1-276-282 


1-338226 




6 


115969 


1-194052 


1265319 


1-340096 


1 -418519 




7- 


118869 


1-2-29874 


1-315932 


1407100 


1-503630 




8 


1-21840 


1-266770 


1-368569 


1-477455 


1593818 




9 


1-24886 


1-304773 


1-4-23312 


1-551328 


1-689479 




10 


1-28008 


1343916 


1-480244 


1-628895 


1-790848 




11 


1 -31^09 


1-384234 


l-5394St 


1-710339 


1-898^99 




12 


134489 


1-425761 


1-601032 


1795856 


2012196 




13 


1-37851 


1-468534 


1 665074 


1-885619 


2132928 




14 


1-41-297 


1-51-2590 


1-731676 


1-979932 


2-260904 




15 


1-44830 


1-557967 


1-800944 


2 0789-28 


2 396558 




16 


1-48151 


1 604706 


1-872981 


2-182875 


2-540352 




17 


1-52162 


1-65-2818 


1 -917901 


229-2013 


2 -6(^773 




18 


155966 


17-02433 


2 023817 


2-406619 


2-854:i39 




19 


1-59865 


1-753606 


21106849 


2-526950 


3 025600 




20 


l-6:396-i 


1-806111 


2-1911-23 


2 ■653-298 


3-207135 




21 


1 -67958 


1-860-295 


2-278768 


2785963 


3-399:K>4 




22 


172157 


1-916103 


2-36' !919 


2 925261 


3-603537 




23 


1-76W1 


1-97:^597 


2-461716 


3 0715-24 


3-8l9"/50 




24 


1809T3 


2-03^794 


2-56:J304 


3-225100 


4046.)35 




25 


1-85394 


2-093778 


2-66'>S36 


3-386355 


4-291871 




26 


1900-J9 


2-156591 


2-772470 


3.555673 


4-549383 




27 


1-94780 


2-221-289 


2aS3369 


3-733456 


4-822316 




28 


1-9(K)50 


2 -'2879:28 


2-9!)S703 


39-201-29 


5-1 11687 




29 


2016U 


2-356566 


3118651 


4-116136 


5-41fi;^S3 




30 


2 09757 


2-4-<i72t)2 


3-243398 


4-321942 


5 713^191 




31 


2-15001 


2-5000S0 


3373133 


4-5,'J8039 


6 088101 




32 


2-20376 


2-575083 


3-508059 


47649U 


6453387 




33 


2-25885 


2-652335 


3(V18381 


5-003189 


6-810500 




34 


2-31532 


2-731905 


3 75)4316 


5253348 


7-251025 




25 


2:r7321 


2-813S62 


3-9U>089 


5-51(5015 


7-HS'.t»87 




36 


2 43-254 


2 898278 


4 103933 


5-791816 


8-117.'5-i 




37 


2-49335 


2-985-227 


4-268090 


6 081407 


86^^087 




38 


2 55568 


3074783 


4-438S13 


638W57 


9151-'52 




39 


2-61957 


3-1670-27 


4-616366 


6^01751 


9-703507 




40 


2-6a'j06 


3-262038 


4-801021 


7 03J)989 


10-^^95718 




41 


2-75c'19 


3-3598<J9 


4-993061 


7-391988 


10 902861 




42 


2-8^100 


3-460{;96 


5192784 ■ 


7-761588 


11-557033 




43 


2-8!)] 52 


3564517 


5-400495 


8-149667 


12250155 




44 


2-96381 


3-671452 


5616515 


8-557150 


12-985482 




45 


3-a'iSiiO 


3-781596 


5-841176 


8-985008 


13^64611 




46 


3-1 1385 


3-895044 


6-0748-23 


9-484258 


14-590487 




47 


3-J9170 


4011895 


6317816 


9-905971 


15-465917 




48 


3-'c7U9 


4-132252 


6-570528 


10-401270 


16-393S72 


E 49 


3-3o;i28 


4-256219 


6-&33340 


10921333 


17 3^7504 




U^ 


3 43711 


4-383006 


7-100083 


11-467400 


181^0154 
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«!^p«Cei>l. 


3 per Cent. { i ga Ceut. k 


prCsnt ,6 


erCeot. 


I 


■976610 


■viesat 


SiS 


S 


M3398 


I 


■WIM^ 


■anna 


msot 


8^ 






•883854 


W1481 




^Ss 


747*M 
T04081 






T8W(» 




fnrn* 






■acma 










it 


^'11! 


■744(liH 


li^ 


■5S4e7SI 


mm 


!l 


^t^ 


101380 


^ 


S56an 

430M1 


me» 






'661118 


a-n4is 


MM» 






■mms 




>61>li6» 








vi3Ka 


















■436^97 










^36^ 
















■33051S 




■emii 












-.VATXa 












■ssoaa 


■mwa 






277505 




■jmmj 








MTOI 






■481104 
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l»M89 








■ftl.lixi 


' ■4.Miee 










■snojs 


■437077 










■488681 












4TH743 








7tll0 




■JfiSIll 








MSB 
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■44!.10S 








t«lS6 
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■wiwi 


■3J5SQ 
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■JS 
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WM?! 




■sistoa 








OHKBO 




■ar:4,« 








T7a>w 
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■iw^ie 
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306*71 
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INTERPOL ATIONS.—f' JToocWoww, VinceJ 

If a, a', a"t &c are successive values of a quantity a, differing by a eon, 
atant interval 1, and if the Ist, 2d, 3d, &c. dilierences be d', d", d"\ See. i 
then any intermediate valne (y), distant from a by the interval x, is equal 

«» a + xd' + x. ^-j- d" + X. ^- . ^-j— rf"' &c 

Note.-~ln taking^ the differences, the preceding quantity must always 
be subtracted from the succeeding; they will .*. be positive or negative 
according as the series of quantities is increasing or decreasing. 

If the law of the quantities bo such that their last differences always 
become = o, we shall get at any intermediate time the accttrate value of 
that quantity ; but if the differences do not at last become accurately =. 
Of we shall then get only an approximate value. 

In general the quantities d', d"t &c. diminish very fast, and it will not 
often be necessary to proceed farther than d'". 
Ex. 1. Given the squares of 2, 3, 4, and 5, to find the square of 2|. 

4, 9, 16, 25 quantities 

5, 7, 9 1st order of differences. 

2, 2 ^ 2d do. 

3d do. 

Here o = 4, rf' = 5, d" =. 2, d"' = 0, j; the required interval = I j .*. 

y = 4 + iX5 — |-X2 = 6,26. 

Ex. 2. Given the log. of 110 - 2.01139, of 111 = 2.04532, of lit = 
S.04922, and of 113 = 2.05308; required the log. of 110.5. 

2.0 U39, 2.04532, 2,01922, 2,05308 

.00393, .00390, .00386 

— .00003, —.00004 

Here a - 2.04139. d' = .00393, <f" = — .00003, and * = i, .'. 

y = 2.01139 + i X .00393 — ^ x — -00003 = 2.013350. 

Ex. 3. Given five places of a comet as follows j on Nov. 5th at 9h. 
Vim. in Cancer 2«. 30* = 150' ; on the 6th at 8A. run. in 4o. 1' = 247' ; on 
the 7th at 8A. 17w. in 6o. 20^ = 380^ ; on the 8th at 9h. Vim. in 9». 10* = 
550' J on the 9th at 8A. 17m. in 12«. 40* = 760'. To find its place on the 
7th at UA. 17»i. 

First subtract bd. 8A. 17m. from Id. 14A, 17m., and there remains 2rf. «*, 
=. 2,25 for the interval of time between the first observation and the 
given time at which the place is required ; this .'. is the value of *, ty 
which we want to find the corresponding value of y ; hence 

150, 247, 380, 550, 760 
97, 133, 170, 210 
30, 37, 40 
1, 3 
153 5^ 
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Here a = 150, d' = 97, d" = 36, d"' ■= 1, d»" = 2; hence j^ = IftO^. 

% 1 9 

97X2,25+ jX2,25Xl,25 + ^-gX 2,25 X 1,25 X .25 + g-— - + 

2,25 X 1,25 X ,25 X — ,73 = 418', 96 = 6». 58'. 57", the place required. 

But besides the use of the above equation, to find the value of anj 
term of a series from its position being' given, the converse is often re- 
quired, ft. e. having given any term, to find its position or distance from 
the first term. 

Ex. On March, 17^, the son's decUnation at noon at Oreeawich was 
as foUows :— On the 19th, N. 28^. 41" = 1721" j on the 20th, N. 5* = S09" j 
•a the 2l8t, S. — IS'. 41" = — 1121" ; to find the time of the equinox. 

1721, 300, — 1121 

— 1421, — 1421 



Here a = 1721, rf' ^ — 1421, hence y = 1721 — 1421 Xxj now wheA 

the Sim comes to the Equator, y the declination becomes = o ; .*. 1721 

1721 
—- 1421 X = o,.and x = j^ = Id. 5A. 3m. 53f., the time from the 19th ; 

hence 20d!. 5h. 3m. SUs. is the time required. 

We have here supposed that the quantities to be interpolated were 
taken at equal intervals of time ; for a formula when the intervalt ar« 
unequal, tee Fince's Mtronotnff, vol. 2. 

INVOLUTION and Evolution. 

TABLE ofthefirst nine powers ofnwnbert. 



ut 
1 

2 
3 
4 

5 
6 
7 
8 
9 


2d 


3d 


4th 

1 

16 
81 
256 


6th 


6th 


7th , 


8th 


9th 


1 
4 

9 

16 

25 

36 

^ — i^ 
49 

81 


1 

8 
27 
64 
125 
216 
343 
512 
729 


1 


> 


1 


1 


1 


32 


64 


128 


256 


512 


243 


729 


2187 


6561 


19683 


1024 


4096 


16384 


65536 


262144 


625 

1296 

2401 

4096 

6561 


3125 


15625 


78125 


390625 


1953125 


7776 


46656 


279936 


1679616 


10077696 


16807 


117649 


823M3 


5764801 


40353607 


327B8 


262144 


2097152 


I67i7216 


134£i:728 


58049 


531441 


4782969 


43046721 


387420489 



IM 



I N V 



TABLE of square, cube*, tptare roois, cube rooU. and reeipraeaU, fif 
of ail numbers from 1 to lOO.—'CBarlaw.J 





Kiim. 
1 


Squares. 


Cubes. 


; Sq. Roots. 


Cu. Roots. 


Reciprocals. 




1 


1 


1 


1 


1 




8 


4 


8 


1-4142136 


1-2599210 


-500000000 




3 


9 


27 


1T320508 


144224^6 


-333333833 




4 


16 


CA 


21)000000 


1 -.587401 1 


-250000000 




5 


25 


125 


2-2360680 


1-7099759 


•200000000 




6 


36 


216 


2-4494897 


1-8171206 


-1666666OT 




7 


49 


343 


2-6467513 


1^129312 


-142857143 




8 


64 


512 


2-82ai271 


2-0000000 


-125000000 




9 


81 


T29 


30000000 


2-0800837 


-Ulllllll 




10 


100 


1000 


3-1622777 


2-1544347 


-100000000 




11 


121 


1331 


3-3166248 


2-2239801 


•090909091 




12 


144 


1728 


3-4641016 


2-2894286 


•083333333 




13 


169 


2197 


3-6055513 


23513347 


•0769-23077 




14 


196 


2744 


3-7416574 


2-4101422 


•071429571 




15 


225 


3375 


38729833 


24662121 


-066666667 




16 


256 


4096 


4-0000000 


25198421 


-062500000 




17 


289 


4913 


41231056 


2-5712816 


-0588va629 




18 


324 


5832 


4-2426407 


2-6^07414 


-055555556 




19 


361 


6859 


4-3588989 


2-6684016 


-05-2631579 




20 


400 


8000 


4-4721360 


2-7144177 


-050000000 




21 


441 


9261 


4-58->5757 


2-7589243 


^7619048 




22 


49i, 


10618 


4-6904158 


2-8020393 


•(V45454545 




23 


529 


12167 


4-7058315 


2-8438670 


-013478261 




24 


576 


13824 


4-8969795 


2-8844991 


'M1666667 




25 


625 


15625 


5-0000000 


2 9240177 


•040000000 




26 


676 


17576 


5-0990195 


2-9624960 


•038461538 




27 


729 


19683 


5-I9615@4 


3000000O 


-037037037 




38 


784 


21952 


5-2915026 


30365889 


•03571^286 




29 


841 


24389 


5-3851648 


30723168 


-034482759 




30 


90Q 


27000 


5-4772256 


31072325 


■oaaa3333B 




31 


961 


29791 


5-5677644 


31413806 


•032258f'65 




32 


1024 


32768 


5-6568512 


3-1748021 


•031250000 




33. 


1089 


35937 


5-74t5626 


3-2075343 


•030803030 




34 


1156 


39304 


5-8309519 


3-2396118 


•(«9411765 




35 


1225 


42875 


5-9160798 


3-2710663 


•0-28571429 




36 


1296 


46656 


60000000 


33019272 


•0277'J77'78 




37 


1369 


50653 


6-0827625 


S3322218 


•027027027 




38 


1444 


54872 


6-1644140 


83619754 


•0-2631 5780 




39 


1521 


59319 


6-2449960 


3-3912114 


•025641026 




40 


1600 


61000 


6-3245553 


34199519 


'025000000 




41 


1681 


68^21 


6-4031242 


3-4482172 


•024390244 




4S 


1764 


74088 


6-4807407 


3-4760268 


-023809524 




43 


1840 


79507 


6-5574385 


3-5033981 


•0-23255814 




44 


1936 


85184 


6-6332496 


3-5308483 


•022727273 




45 


2025 


91125 


6-7082089 


35568933 


•022222222 




46 


21 k6 


97336 


6*7823300 


3-5830479 


•0B1739130 




47 


2209 


108823 


68556546 


36088261 


•081276600 




48 


2301 


110592 


6-9282032 


3-6342411 


•02GR?«I33 


49 


2401 


117649 


7-0000000 


3-6593057 


•020408163 




60 


2500 


125000 


7-0710678 


3-6840314 


•020000000 
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Knm. 


Squares. 


Cubes. 


Sq. Roots. 


Cn. Roots. 


Reciprocals. 


51 


2601 


132651 


71414284' 


3 7084298 


-019607843 


52 


2704 


140609 


7-2111026 


3-7325111 


•019230769 


53 


2809 


148877 


7-2801099 


3-756-^58 


•018867925 


54 


2916 


157464 


73184692 


3-7797031 


•018518519 


55 


3025 


166375 


7-4161985 


380-29525 


•018181818 


56 


3138 


175616 


7-4833148 


3-8-P586-24 


017857143 


57 


3249 


ia5J93 


7-5499.144 


3-84S5011 


•017543860 


58 


3364 


195112 


7G157731 


38708766 


017241379 


59 


3481 


205379 


7-6811457 


3-8929965 


016919153 


60 


3600 


216000 


7-7459667 


3-914S676 


•016666667 


61 


3721 


226981 


7-8102497 


3-9361972 


•016393443 


^ 


38« 


2.%.^i8 


7-87'40aT9 


3-9OT8915 


-0161290^ 


63 


3969 


250047 


7-9372539 


3-9790571 


•015873016 


64 


4096 


262144 


8-0000000 


4-1000000 


•0156-J5000 


65 


4225 


274625 


8062-2577 


40207256 


-015381615 


66 


4vS56 


287496 


81240384 


4-0412401 


•015151515 


67 


4489 


300763 


81853528 


4-0615480 


•0149-25373 


68 


4624 


314432 


8-2162113 


40316551 


•014705882 


69 


4761 


328509 


8-3066239 


4-1015061 


•01W92754 


70 


4900 


343000 


8-3666003 


41212853 


•01-^95714 


71 


5041 


3^911 


8-4261498 


41408178 


•011084507 


T^ 


5184 


373248 


8-485-?814 


4-1601676 


-013888889 


73 


5329 


389017 


8-5W0037 


4-1793390 


•013698630 


74 


5476 


405'^M 


8-60-?3-''53 


4-1983364 


•013513514 


75 


5625 


421875 


8.660-2540 


4-2I71633 


•013333333 


76 


5776 


438976 


8-7177979 


4-2358236 


•013157895 


77 


5929 


456oa3 


8-7749614 


4-2543210 


•012S87013 


78 


6084 


474552 


88317609 


4-2726586 


•0128.0513 


79 


6241 


493039 


81W81944 


4-2908404 


, -012658228 


80 


6400 


512000 


8 9442719 


4-3088895 


•012500000 


81 


6561 


531441 


9-0000000 


43267487 


•012315679 


82 


6724 


651368 


9-0553851 


43444815 


•012195122 


83 


6889 


571787 


9-1104336 


4-3620707 


•012018193 


84 


7056 


592704 


91651514 


4-3795191 


•011904762 


85 


7225 


614125 


912195445 


4-3968296 


•011764706 


86 


7396 


636056 


9-2736185 


4-4140049 


•0116-7907 


87 


7569 


658503 


9-3273791 


4-4310476 


•011494253 


88 


7744 


681472 


9-3808315 


4-4479602 


•011363636 


89 


7921 


704969 


9-4.^?39811 


4-4647461 


•011235955 


90 


8100 


729000 


'0-4868330 


4-4814047 


•Ollllllll 


91 


8291 


753571 


9-5393920 


4-4079414 


•010989011 


92 


8461 


778688 


95916630 


4-5143574 


•0108S9565 


93 


8649 


804357 


9-6436508 


4-53065J9 


•01075268S 


94 


8R36 


830584 


96953597 


4&t66359 


•010638P99 


95 


9025 


857375 


9-7467913 


4-56290-26 


•010526316 


96 


9216 


884736 


97979590 


4-6788^70 


•010416687 


97 


9409 


912673 


9&48fW8 


4-5947009 


•0103n9S>78 


98 


9604 


941193 


9-8994949 


4-6104363 


•0102040^2 


99 


9601 


970299 


9-9496744 


4fS60650 


•010101010 
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The iu« of tlie first Are <*ohEnnii8 k obrioiu : the oolumn of reciprocal* 
is useful for converting^ a yalgar into a deeinMl fraction, as in tli* fol. 
lowing example. 

Express ns as a decimal. 

Bv Table ^ is .035714S96 

28 
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i8 



is .1WI-W85S 



JULIAN Period.—See Cycle. 

JUNO. 

This planet was discovered by Mr Har^Gng, at Lilienthai, September 
Ist, 1804. For its elements, &c. — see Planets^ elements of, 

JUPITER.— 5<;e Planets, elements of. 
JUPITER'S SateUites.-^ryee Satellites. 



Land Survej/tng.—See Surveying. 
LATITUDE Geographical.-^CWoodhouse. ) 

\st Method^ hy the Altittides ofcircvmpolar stars. 

Co-latitade = half the sum of the gn'eatest and least zenith distance 
corrected for refraction. 

Or the latitude may be found by Captain Rater's method, from an ob- 
served altitude of the pole star when out of the meridian thus.— ^Go^ 
hraith.) 

To the conatant logr* 5.314425, add the log*, tasfent at the star's polar 
stance p^ and the log. cos. of Um meridian distance t tn de^frees, tli« 
snm of these will be log. of an arc u in seconds. Now to the log. secant 
p add the log. cosine u, and cortne of tiie zenith distance x ; the sutfi will 

be the coeine of {nj^ iJz tt) an arc which being increased or diminished by 
the arc «, will be the eo'-latitnde ^, 

To find tf calculate the time of the star's maridiaa pasnge (see Time J, 
the difference between which and the time of observatioaL gives t. 

In the application of u attention must be paid to the sign of the arc t, 
according to its situation in the circle which the star describes round th« 
157 13 
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pole in its diurnal revolution. If ^ is in the Ist or 4th quadrant it is ad- 
ditive ; but if in the 2d or Sd, it is subtractive. 

Ex. On the 22d of February, 1826, at 7A. 42m. 49*. mean time, the alti- 
tude of the Pole star was observed to be 51®. 58'. 11"* ; required the lati- 
tude. 

First to find the mean solar time when the star was upon the meri- 
dian. 

h. HI. *. 

Star's app. R. A 58 15,2 

Sun's R. A. at noon 22 21 18,3 



App. alt. 51». 58^ II" 
Refract. — 45,4 



2 36 56,9 
Diff. Ctee Time Table 6) — 25,7 



True alt 51 57 25,6 
z == 38 2 34,4 



Equat of time for noon 



2 36 31,2 
+ 13 50,7 



Star upon meridian 2 50 21,9 

Time of observation ...... 7 42 49,0 



Distance of star from! 
meridian in meantime-' 



4 52 27, 



4 



Constant log 5.31442^ 

p = 10. 36'. 48" tang. ... 8.449716 
* = 73. 18. 47 cosine ... 9.468097 



= 730. 18'. 47". 

Csee Time Tabte.J 

secant 0.000172 



u = 0. 27. 48,2 = lGe8",2 3.222238 cosine 9.999986 

sr = 380. 2'. 3*,4" cosine 989^78 

. , (^|/ — w) = 380. (y. 58,2" 



cosine 9.896436 



X = 



38. 28. 46.4 
51. 31. 13,6 



2d MetTwd, by the zenith distances of stars tiear the zenith. 

This method determines merely the diflference of latitude by meant of 
the zenith sector, measuring small zenith distances with great exact- 
ness. 
Sx. By observation at the College of Mazarin. 

Z. O. of y Draconis reduced to January, 1750 2o. 40.' 15" 

At Greenwich Z. D. reduced to same epoch a 3. 4,5 

Difference of latitude 2. 37. 10,5 

Hence if latitude of Greenwich be 51. 2a 39,5 

latitude of Observatory of College of Mazariu 48. 51. 29 
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This method, which is capable of great accuracy, was employed in the 
Trigonometrical Survey of England. 

Stf Method by observatioru of AUitudes made near the Meridian, and re. 
duced to the Meridian. 

Let z', z"y &c. Zy z, &c. be n zenith distances to the east and 
west of the meridian, 

*>' h," 8cc h, h. &c. the corresponding times determined by 
means of a time-keeper. 

2', 5", &c. S, i, &c., the calculated corrections, or the reduc- 
tions to the meridian : then the true or corrected meridional zenith dis- 
tancea wiU be (if the passage of the star be above the pole.) 

z' — S', «" — h" &c. ar — J, jr — J &e. 
and the true mean meridional zenith distance wiU be 

z' — S' + ar" — 5'/4.&c. +;y — 8 + « — 3 + &C. 



n 
x'^z" + &c+z + z + &c. 3' + J" + &c. + J -f 8 -f &c. 



n n 

la the above formula i = —^ x sin." ^. ^"""^ efp^^^' ^ , where d ii 

known from the Tables ; and for L the approximate value of the lati- 
tude may be taken, and for z the observed meridional zenith distance. 

Having thus found the meridional Z. D. and knowing the N. P. D. 
the latitude may be ascertained. 

This method of determining the latitude was used by the French As- 
tronomers in measuring an arc of the meridian, and is capable of deter, 
mining the latitude within the fraction of a second. It is peculiarly 
adapted to Borda's Circle of Repetition. 

Latitude of a vessel at sea by the sextant. 
Method by the Meridional Altitude of the Sun. 

If the latitude and the declination be of the same denomination, thtK 
the latitude = 

Z. D. of sun .(. declination of sun : 

or if dedination be greater than latitude, = declination sun — Z. D. of 
«un. • 

If the latitude and declination be of different denominations, then Uu 
jtitude = 

Z. D. of sun — declination of sun. 
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Tkk metiiod is eommonly osed at ses, but as tfce Bua must be on the 
meridian, clouds may prevent its being used. A eubsi^Bary method there- 
faire is provided, in which the latitude may be computed from two ob- 
served altitudes of the sun, and the interval of time between the obser. 
vatious. 

Let Z be the zenith, P the pole, S, * two 
positions of the sun j then the followingr 
are the steps in this process. 

(1.) Find S*; let^ = interval of time, 
jf = TS then 

2 9in.« --— = din. 8 p. 2. sin.a — ; 

S * t 

.*. log. sin. -^ = log. sin. p + log. sin. ~ 

- 10. 
(2.)Fmd^ S*Pj 




tan. SsP = 



. t 

COtj- 

cos. p * 



.*. log. tan. S* P =r 10 + U)g. cot -^ — log. co«. p. 

(3.) Fmd^Z*Sj 

Let a and a' be the observed altitudet, then sin.t | Z * S 

- COS. ^iSs + a' + a), sin. |(S^ 4. g^ - a) . o w .«« z ^ q 

8in.S*xcos.a ' . . 2 log. im. * Z#S = 

20 + log. cos. i (S « 4- o' + a) 4. log. sin. J (S * + a' — a) — log. sin. 
S * — log. cos. a. 
Hence Z«P — S*P— Z*Sis known. 

(4.) Find Z P i 
Assume 6 such that 

tan > * — *'os- °' ^^P- i^- VC' ^' Z J P 
ver. sin. (900— a'— 1>) ' 

., . ZP 90» — a* — » 

then sm. -^ = sin. ^ ^ x sec. 6 ; 

Z P 

.*. l«g. sin. -_ = 10 + log. sin. i (90« — a' — j») — log. cos. $. 

1/EAP Year.^See Calendar . 

LEMNISCATA, egttation to, 
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I^emniseftia^f JwDM BemoailU. 
or considered as a spiral 



J = a Vcos. 2 9. 

LENGTHS ofcurvet.'-See Rectification. 

XENS.— S^e Refraction. 

LEVELLING. 

Two or more places are on a trae level, when they are equally disturt 
from the centre of the earth ; and a line equally distant from that centre 
>n all its points, is called the line of true level This line is nearly an 
arc of a circle, and will evidently pass below the line of apparent levd* 
which, as determined by the instrument, will be a tangent or a parallel 
to a tangent at the earth*s siuface at the point of observation. Hence 
the depression of the true below the apparent level is always equal to the 
excess of the secant of the arc of distance above the radius of the earth. 
To find this depression, let L be the arc of distance in English miles, D 
the depression in feet ; then 

2U 
8 ' 



D = 



TABLE sftewing the height of the apparent above the true level for enerjf 
IQQ yards of distance on the one hand, and for every mile on th$ othtr. 



Distance 


Dijr.of 


Distance 


Difference 
of level. 


of base. 


level. 


of base. 


Yards. 


Inches. 


Miles. 


Feet In. 


- 100 


0.026 


^ 


0. Oi 


200 


0.103 


1 


0. 8 


800 


0.231 


1 


0. 4i 


•100 


0.411 


1 


0. 8 


5(10 


0.613 


2 


2. 8 


600 


0.P25 


3 


6. 


700 


i.260 


4 


10. 7 


800 


1.615 


5 


16. 7 


J)0O 


2.081 


6 


23. 11 


1000 


2.570 


7 


32. 6 


linn 


3.110 


8 


42. 6 


1200 


3.701 





.53. 9 


1300 


4344 


10 


66. 4 


140(1 


.\0S8 


11 


8*1. 3 


1500 


5.7S* 


12 


95. 7 


1600 


0.680 


1.1 


112. 2 


1700 


7.125 


14 


130. 1 
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Ejeample. Suppose a spring to be on one side of a hill, and a house on 
-An opposite hill, with a valley between them ; and tiiat the spring* seen 
from the house appears by a levelling instrument to be on a level with the 
foundation of the house, which suppose is at a mile distance from it; 
then (by Table) the spring is eight inches above the true level of the 
house ; and this difference would be barely sufficient for the water to be 
brought in pipes from the spring to the house, the pipes being laid all the 
way in the ground. 

In the above Tabl'e, the effects of refraction have not been considered, 
which, however, should not be neglected, if the distances are consider- 
able. In that case, the correct formula is 

^ 7 ' 

'Which expression includes the effects both of curvature and refraction. 
See Refraction terrestrial, 

LEVER. 

Levers may be divided into three kinds. In levers of the first kind, 
the fulcrum is between the power and the weight* as in the balance, 
steelyard, scissors, poker, &c. In levers of the second kind, tlie weight 
is between the fulcrum and the power, as in oars, doors, cutting knives 
fixed at one end, &c. In levers of the third kind, the power acts be- 
tween the fulcrum and the weight, as in tongs, sheers for sheep, mus- 
cles of animals, &c. 

1. Two weights oi forces, acting perpendicularly upon a straight lever, 
will balance each other, when they are reciprocally proportional to their 
<listances from the fulcrum. 

Cor. 1, When the power and weight act on the same side of the ful- 
crum, and keep each other in equilibrio, the weight sustained by the 
fulcrum is equal to the difference between the power and the weight. 

Cor. 2. If the same body be weighed at the two ends of a false balance 
(one arm of which is longer than the other), its true weight is a mean 
proportional between the apparent weights, 

Cor. 3. If a weight be placed upon a lever supported upon two props, 
the pressures ujwnthe props are Inversely proportional to their dbtances 
from the weight. 

2. If two forces, acting upon the arms of a?/^ lever, keep it at rest, they 
are to each other inversely as the perpendiculars drawn from the centre 
of motion to the directions in which the forces act j or inversely as the 
arms, multiplied into the sines of the angles, wMch the direction of the 
forces make with them. 

mi 



h I o 

C4))\ U a nwin, balanced in a common pair of scales, pr^as optvards, by 
means of a rod, against any point of tlio beam, except that from which 
the scale is suspcided, he will preponderate. 

3. In a compound lever, where one is made to turn another, there la 
an equilibrium, when W : P : : the product of all the arms taken alter, 
nately, beginning witli that to which the power is applied : the product 
of all the other arms. 

4. Any weights will keep each other in equilibrio on the arms of a 
straight lever, M'hen the products, which arise from multiplying each 
weight by its distance from the fulcrum, are equal on each side of the 
fiilcrum. 

Cor. 1. If in the above Propositions we would allow for the weight of 
the lever itself, we must suppose its weight to be united in the centre of 
gravity, and to act there as a third force added to the power or the 
weight, according to the side of the fulcrum on wliich it is placed. 

Cor. 2. If the weights do not act perpendicularly to the arms of ttie 
lever, we must for the distances substitute the perpendiculars, (see Art. 
2.) 

Cor. 3. Let A D be the common » V C* V C* Ti 

steelyard, whose fulcrum is C, and i S-y^ — m ^m j 

let the moveable weight P, when I I 

placed at E, keep the lever at rest ; OW O P 

then when W and P are suspended upon the lever, apd the Whole re- 
mains at rest, WXAC = PXDC+PXEC = PXDE; .*. W 
varies as E D ; the graduation must .*. begin from E, and if P when 
placed at F support a weight of one pound at A, take F G, G D, &c. 
equal to one another and to E F ; and when P is placed at G it will sup- 
port two pounds i and when at D it will support three pounds, &c. 

LIFE Annuities.'^See AnmUties Life. 

LIFE Asmrances.—See Annuities. 

LIGHT, Phecnomena of. 

Lights propagation of. 

1. In a free medium the force and intensity df light, wtich propagated 
Itself in rayt emanating from the same point, are inversely as the squares 
of the distances from that point. 

Prob. Having given the position of t\*-o lights of known intensities, 
to determine the nature uiid equation of the sttrfece, of wliich every 
point shall be equally illuminated by the two lights. 

Let A and B be the two poinf- at which the lights are plared, m and n 
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their intensities at any assumed unil of distance, and let a = A B j thea 
it may be shewn that the required surface is a sphere of which the ra- 



dius - 



>J nin 1 *"*^ whose centre has for an abscissa 



n — m 



— n 



Cor. If /n = n the radius is infinite, as also the abscissa from the cen- 
tre ; in this case the surface is a plane perpendicular ta the middle of the 
line A B. 

Light, velocity of. 

2. Light takes up about 16| minutes in passing* over a space — thedia- 
meter of the earth's orbit, which is nearly 100 millions of miles ; .*. it 
travels at the rate of almost 200,000 miles per secnod. 

Lighty diminution of, under varioug eircumstemces. 

3. If the spaces through which light passes through a uniformly dense 
diaphonnus medium increase in arithmetical progression, the quantity 
will decrease in geometrical progression. 

Let the space be divided into equal portions or lamfaiee, and suppose 
— th part of the whole light to be lost or absorbed in its passage thro' the Ist 



n — I 



(»-!)• 



lamina ; then = quantity of light entering the 2d lamina j ^ — j 



= do. entering the 3d ; 



(»-)* 



= do. entering the 4th, &c. 



TABLEy^om Bouguer, shewing the intennty of the twCt light at d^fler. 
ent altitudes^ and the thickneu of air it hae to penetrate at eadk angle. 



Stm'g 
altitude. 


Thickness of 
air in toises. 


Intenntv of light 
the whole betng 
10,000. 


90» 


3911 


8123 


80 


3971 


8096 


70 ...... 


4162...... 


8016 


oU •(.*•. 


4616 


7866 


50 . — 


5101 


7W4. 


40 ' 


6086 ••.... 


7237 


30 


7784 


6613 


20 


11341 


5«74 


15 


14880 


4535 


10 


21745 


3140 


5 ...... 


39693 


' 1201 


3 


58182 


454 


1 


100930 


47 





138a23..«.. 


6 
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4 AocordiDf to Leslie, in paaeiog through sea water, light is diminish. 
«d four times for every five fathoms of verticid descent; and Bonguer 
asserts, that the whole effect of the sun's light would he lost by passing 
through 079 feet of sea water, and that the same ^ect would take place 
by its passing through 3,1 10,310 feet of air. 

5. Bouguer computes that of 300,000 rays which the moon receives ; 
172,000, or perhaps 204,100 are absorbed ; and that the light of the sun : 
ditto of the ftdl moon :: 300,000 : 1. 

6. Euler makes the light of the sun equal to tiiat of 6S60 candles at (MM 
loot distance ; that of the moon to a candle at 7| feet ; of Venus to a can- 
die at 421 feet ; and (rf Jupiter to a candle at 1620 feet, pertly from Bon^ 
faer*s experiments. Hence the sun would appear like Jupiter, if re- 
moved to 131,000 times his present distancc(^ Ytnmg*t Nat. PMl) 

Light, refrangibUity of. 

1. The sun's light consists of rays which differ in refrangibility and 
colour. 

^ The "7 primary colours are red, orange, yellow, green, blue, indigo, toad 
violet, of which the red rays are the least refrangible, and the violet ones 
the most; while green and blue are the colours which have a mean de. 
gree of refhtngibility. Sir Isaac Newton found their degrees of re- 
frangibility in passing out of glass into air to be as the numbers 77, 

11112 7 
77-g-, 77-r-t '^'oi '^■a* '^*o"» "^"n* •"*<* "^ those being the values of the 

sines of refraction to the common sine of incidence 50.- Some substances, 
however, separate the different coloured rays more widely than others, 
and the di^perrive power of media does not appear to depend at all upon 
their mean refracting power. 

To find a measure of the dispersing power, take a constant small ^ 9 
for the / of refraction, the / of incidence will then be m and will dif. 
fer according to the value of fit. The difference between these two or 

(m - 1) is the refraction ; and if m and m be values of tn fur i ed and 

r 9 

riolet rays, the difference of refraction will be («n •— 1} -^ (m — 1} or 

V r 

r r 



(m — m) i. Its ratio to the reft^tction will consequently be 
e r m % 

taking the mean value of m '. this is the usual measure of the disperse 
ing power. 
In flint glass its value is about 0.05; in crown glass 0,0891 

% Having giv«» the refracting powers of two madioms, ta find tba 
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ratio nf the f«<a! leiiffths of t\ro louses fonnod of these substances, which, 
when uuited, will produce imaj^es nearly free from coloiu*. 

Let { and |' be the focal lengths of the lenses, 1 + r and 1 + «? the ra. 
tio of refraction belonj^ing to the red and violet rays respectively in the 
ist lens, and 1 -f- r' and 1 + t?' = ditto of the other ; then 

? r— r" 

Hence it {^»pear8 that ^ and ^ must be of different signs, or one lens 
concave and the other convex ; and that they are as the respective dis- 
persive powers of the substances of wbidi the lenses are made. 

fThe common practice of opticians, is to use flint glass and cronoi glass, 
the dispersive powers of which are in the ratio of 50 to 33 ; and .*. a 
compound lens, in which the separate focal lengths for the same kind of 
homogeneous light, are as 50 : 33 will make the red and violet rays, con- 
verge accurately to one point. 

9. Having given the aperture of any lens, and the foci to which rays 
of diSiBrcnt colours, belongiog to the same pencil, converge j to find the 
least circle of aberration through whicli these rays pass. 

Let D = diameter of the least circle of aberration, « = aperture of the 
lens, the rest a« before ; then 



D = 



r — pf 



r + r 
Suppose, for instance, the lens be of crown glass, r = .56, r = .54 ; 

.'. -—rz = rri D .-. is r7 of the aperture. 

LiglUt aberration of'-^ee Aberration. 

For a concise account of other physical properties of light, such as the 
phsenoraena of coloured rings, double refraction, polarization of light, 
&c. tee Coddington's Optics ; the^ subjects, as requiring diffUse expla- 
nations, cannot here be entered upon. 

LINE right. 

Equations and Problems relating to, the co-ordinates being supposed 
rectangular. -^C Hamilton. } 

1. The equation to a straight line is y 
= a J? -J. 6, where a is the tangent of the 
angle which the line makes with the axb 
X A jr, and b is the distance from A at 
trhich it intersects the axis A y. 
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e. Beqaired theeqUfttioB to « ttraitfhl Bm pmiif tkrwtgh a fivcn 
poiat, whose co-ordinates are x', y*. 

Any point of which the co-ordinates are x^ y being assumed in the 
line, we have jf = 0x4.6; alsoy ^ax* -^-b i .*. equation required is 

For the sake of brevity it is usual to designate the point, whose co- 
ordinates are x', jf , as the point (x', jf ) ; and the straight line, whose 
equation i8jf = ax-4.6, as the straight lioe ^ = a x -f 6. 

2. Reqcdred the equation to the line which passes tiirough tvoo^ giren 
points (x', tf) and (x", y"). 



y^'^i^^Tz:!^ (x-x'). 



3. Required the angle formed by the intersection of two given lines. 

Let jf = ax -f b andy = a'x 4. 6' be the given lines, and 6 the given 
angle ; then 

o — a' 



tan. = 
sin. B = 



1 +aa' 
a — a' 



^(1 + a«) (1 + a'*) 



COS. 



e=± — L+^«' 



V(l + a«) (I + a'%) 

tha positive sign being used when the / is acute, the negatH^ WhM it 
is obtuse. 

4. Required the equation to a straight line drawn through a given 

. 1 
point {x',y), and making an angLe taob. m witk theltaajf = ax -f ^. 

Hence (1) when the lines are perpendicular, 

(2) When they are parallel, 

y^y=:aix^x')- 

5. Required the distance (r) between two points (x, y) and (x',y')- 

r = V J (J?' - ^}» + (.V -.y)» J 

>Vhen x* md y = o, r = y/ (X* -^ 1/*) i which therefore expresses the 
dbtance of a point from the origin. 
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■ %. If (p) be the perpendicular dropped from a given point (x*, y,) C9. ) 

the straight line y = a * + 6 ; then ! 

j^ y' — ax' — b I 



LITUUS.— Sec Spiral. 
LOGARITHMS. 

1. Properties of Logarithma. 

Log, « X 6 = Log. a + Log. *. ^ 

Log. y = Log. a — Log. 6. 

Log. a = «» Log a. 

\^ 
Log. a = — Log. «. 

1 
,— liOg. a = Log. 



• m 



a 



JSx L Log. f^^ 9350 = ^^'^' «+^l^- » + !<«• «•<>»- 

' Ex.2. Log. sJ^-^^^^-—-^^ = i- (8 log. 313 + i log. 3 +| 
log. 6 -log. 251). 

2. Given a number, to find its Logarithm. 

liet 1 4* AT he the number, m the modulus, 

(or* *• d^ « 4 

— f — J — ~— -J — &C.^ 
Hencelog.j-±~=2mX^ x+^ + ^+8cc.) 

^r since N = — < n_t» we may for * substitute >, . . t and we 

shall have • 
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both of which last seriet cMiyerge very Cast 

^jr. If N = 2, ^^ = J J /. log. 2 = .3010800. 

In hyp. logarithm! m = 1, in the common system m = . = 

«.J(lieOOO09 

.l34S48i6. And since different systems of logs, are aa their moduli, if any 
common log. be divided by this modulus, it gives the corresponding hyp. 
log. J or if any hyp. log. be multiplied by it, it gives the corresponding 
common logarithm. 

3. Given a I<^rarithm, to find its number. 
Let 1 4. x = No., y its log. m the modulus. 

Ifm = !, l-|-* = l4.y + |.+ ^ + 8cc. = No. whose hyp. log. 

4. Modular rtOio is the ratio of which the modulus is the measure, or 
tiie number of which the modulus is the logarithm, and = 1 + 1 4. | 

•f 2-3- + &c : 1 ; or 2.7182818 : 1 ; which is therefore the same fk 
every system, being independent of m and y. 

Hence in Ni^ier's or hyp. logs., where the modulus is 1, the log. of 
S.7I828I8 is 1 } in Brigg's or the common system, log. 2.7182818 is 
.43424918. 

Hence also since in every system the log. of the base is 1 ; 2.7182818 is' 
the base of Napier's logs. ; in Brio's the base is 10. 

In general if a = base of any system, whose modulus is m, m = . . - . 

ThefoUomng Table ofLogarUhmic teriet wiU be found tueful on varum* 

ocamotu. 

1. Log.a = lx J(a-l)-4(«-l)« + J(«-l)*-&c.| 
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7. Log. a = log. (a-1) + 1 X ^-^ +~p + 3^ + 4^ + &<^.} 

8. Ix»g.« = log.(a-l)+gX ^^1-2(5^ + 3^^ 

9. W. a== log. (a-1) +1 X j5^ + ^^;P^ + a^^^ 

10. Log. a = ^ X J(a-a"0 -* (as-a-*) +i (os-o"') - &c.| 

a Loflr.(a + *r) = lo,.o+^X | ^-*S+*S -i^-*" «''^- } 
ia Log. («-*)=: log. «-.^X |~ + ip + i^ + i^ + &c.j 

iaLog.C«±;:.)=log.a±|x^ ( J^) + * (;rili) +t 

R Log.a = ^X \ (mv^a-l)-J(»»Va-l)« + 4(«»Va-l)'-&c- J 
LOGARITHMIC Cwrre, Equation to, 8[c.~~CHigman.) 



X 

y = a 



The curve consists of om brandi infinite on each side of the origin* to 
which the a&is of abscissas is an asylnptote. 
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If4r = o, y=:| J andif jr=:l^ y = aL 

If the abscissas increase in arithmetic progrression, the ordinatea in- 
crease in geometric. 

The subtangent is a constant quantity, and = modulus of the system 
of logarithms, whose base = a. 

Area between any two ordinates i^ and J = wt (y — ft), where w is the 
modulus or subtaugent. 

Content ■= ^ (y« — *•). 

Arc = v( wS + ^) — y/(m* + ft«) 
+ m log. — -) £. 

Surface =- * ( y V(*»* + i^*) — * V («« + *•) 

+ m* log. |HhVi*«i 4:y?)\ 
1-"* *''« ft + vCm^-l-itjy- 
LOG A R ITH MIC Spiral—See Spiral 
LONGITUDE Oeographical—f Woodhotue, Vince.) 
\st Method y by a chronometer. 

Suppose a chronometer to be adjusted to mean solar time at Green- 
wich, then if its motion were equable, and of the proper rate, we should 
always know, whatever the place, the time at Greenwich. Compute /. 
the apparent, and by means of the equation of time, the mean time, at the 
place of observation. The difference between this latter time, and that 
shewn by the chronometer, would be the longitnde, east or west of 
Greenwich. 

2d Method^ by an eclipse of the moon or of Jupiter's satellites. 

Having the times calculated when the eclipse begins and ends at 
Greenwich, observe the times when it begins and ends at any other 
place ; tlie difierence of these times, converted into degrees, gives the 
difference of longitudes. 

3rf. Methody by the moon'^s distance from the sun or a fixed star. 
The steps by which we And the longitude by this method are these : 
From the observed altitudes of the moon and the sun or a fixed star, 

and their observed distance, compute the moon's true distance from the 

sun or star. 
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From the Nautical Almanack find theilme at Greenwich when the 
moon Avas at that distance. 

From the altitude of the sun or star, find the time at the place of ob- 
servation. 

The difference of the times thus found, gives the difference of the 
longitudes. 

Formula for deducing the true from the observed distance. 

Conceive S, M to be the true places of the star sad moon in two ver- 
tical circles S Z, M Z forming at the senith Z the ^ M ZS; then since 
both parallax and refraction take place entirely in the direction of ver- 
tical circles, some point t above S, in the circle Z S, will be the apparent 
place of the star, and m below M (since in the case of the moon the dei 
pression by parallax is greater .thfui 4;he elevation by refraction) will be 
the apparent place of the moon : let • 

D (S M) be the true, d (« m) the apparent distance, 

A, a (900 — Z M, 900 — Z S) the tme altit9des, 

H, A (900 — Z m, 900 — Z «) the apparent altitudes, 

cos. H. cos. a ' 

ria.. I = ««.. i{A +«) ri -'5!Ji«+^-^(iL+*=:^.F-j 

2 a L COS.* i ( A -f. a) J 

or if we make the fraction, on the right hand side of the equation = 
■in.* 9a we shall have 

«in.« -g- = co8.« I ( A -f. a) . ces.* 8. 

and sin. — = cos. i (A 4- «) . cos. 9. 

The trae distance of the moon trom the sun or star being thns found, 
we are next to find the time at Greenwich corresponding to this true 
distance. To do this, we must observe that the true distance is com- 
puted in the Naut. Almanack for every three hours for the meridian of 
Greenwich. Hence considering that distance as varying uniformly, the 
time corresponding to any other distance may be thus computed. Look 
into the Naut Almanack, and take out two distances, one next greater, 
and the other next less, than the true distance deduced from observa. 
tion, and the difference D of these distances gives the access of the moon 
to, or recess from, the sun or star in three hours ; then take the difier- 
ence d between the moon's distance at the beginning of that interval, 
and the true distance deduced from observation, and then say, D '. d II 
3 honrs : the time the moon is acceding to or receding from the sun or 

m 



fltar by the qnanttty d, which added to the time at the beginning: a( the 
interval, gives the apparent time at Greenwich corresponding to the 
given true distanc^ of the moon from the sun or star. 

Having thus found the time at Greenwich, compute the time at the 
place of observation from the corrected altitude of the sun or star, the 
sun's or star's north polar distance (furnished by Tables) and the lati- 
tude. 

The difference between this latter time and the time a(f Greenwich, is 
the longitude. 

The other meUiods of finding the longitude are, by an occultation of 
a fixed star by the moon ; by a Solar ecliirae ; and by the passage of the 
tnoon over the meridian. 

LOOKING GloM, method of/udging of.'^CoddingUm.J 

To find the thidmess of a looking glass, bring a pin or other slender 

olQect into contact witk the fore aurfaoe of the glass, and observe its 

image, as shown by reflection ; then the thicknees of the g^ass will be 

3 
equal to —ths of the iq[>parent distance between the ol^ects and its image. 

In a looking glass it is not only necessary that each plane should be 
perfect, but they most be also parallel to each other. If the images of a 
candle seen very obliquely, and under different degrees of obliquity, and 
firom all parts of the glass, do not always keep pretty nearly at equal dis- 
tances from one another, it is a proof that the sides of the glass are neither 
plane nor parallel 

Anothbr method of trying the goodness of a g^ass is as f<rilow8 :— -Stick 
a pin or slender wire in the bar of a window sash, so that the pin may 
be nearly horizontal, and in the plane of the window. Then hold the 
looking-glass, and turn it about so as to see the image of the pin very ob- 
liquely and from all parts of the glass. In this case two images will be 
visible ; and if these images keep always straight, parallel, and at regu- 
lar distances one from another, the glass may be considered as being well 
figured. These phaenomena will be more conspicuous if two pins be 
stuck parallel to one another, and at a small distance asunder. 

With respect to the polish of a glass ; we may observe, cseteris pari- 
bus, that the darker the colour of the glass of the speculum is, the better 
generally is the polish. 

For the theory of plane mirrors-i»«e« R^/Udion. 

LUNAR ineguatiti€».'^ie Moon. 
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MACLAURIN'S Theorem.—See Taylor's Theorem. 
MAGNETIC Needle^ variation and dip of.'— See Variation. 
M AR&— Se« Planeti, elemmtt of. 
MAUS phages of. 'See Venus. 
Maxima and Minima ofgttantities. 

1. To determine in what cases any quantity y, depending npon .v, may 

become a maximum or minimum, we must find ttie differential of the 

equation whidi expresses tiie relation that they bear to each other, and 

dv 
make the quantity -^ = o. The resulting equation, combined with the 

original one, will give the values of x and y in which y is a maximum 
or minimum. 

2. To determine when y is a maximum and when a minimum ; find 
the value of -rzi* '^^ if it l)e negative, j^ is a maximum ; if it be posi- 
tive, a minimum. 

3. If -^ and ^ both vanish, but j^ remain, then y wiU be neither 

a roaximnm or minimum at that place, but will pass through a point of 
contrary flexure parallel to the abscissa. In like manner, if dy, d*y, 
f?y vanish, but d^y remain, the orduiatc y will be a maximum or mini- 
num J and if rfy, d»y, d*y, and d^y vanish, but ^y remain, it will pass 
through a point of contrary flexure, and so on a]ternat«ly. This follows 
immediately from Taylor's theorem. 

4. If a quantity be a maximum or minimum* any power or root, mul. 
tiple, or part, of the original quantity, will be a qiax. or min. 

Ex. I. To divide a right line a into two parts, such that their rectan- 
gle may be either a max. or min. 
Here a jr — xs = mi^ximff m or minimum. Suppose^ = a x — x*, then 

^ = o — 2« = o; ,*. x = .^. To find whother this solution gives s 

max. or min., take the differential of the equation -j^ ^ a — 2 x ; .*. 
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, g-^ = — f » ne^tive quantity ; .*. the value ' - 4 gives a m»z. : als« 

£x. 2. To divide a given line into two parts x and ^, so that — 4. -^ 
= min. Here * =■ y. 

£r. 3. To inscribe the greatest rectangle in a given triangle and )mi- 
rabola. • 

Let X = that part of the perpendicular measured firom the veftet, 
which determines the required rectangle, a = perpendicular, then 

Ex. 4. To inscrjl>e the greatest cylinder in a given cone. 

Using the same notation x = -'ts^. 

Ex. 5. To inscribe the greatest rectangle in a given ellipse. 

Let .r ■= the part of the \ ax. maj. measvred from th&<ienlCM, tNUdi 

determines the rectangle ; then x — —=. 
Ex. 0. To find y a max. in the equation (^ 4. ^)t =: a\ xt. 



a 



Here x = — i=» andy 



=.y: 



Vs 3V3 

When a.quantity is a max. or min. it frequently shortens the oper- 
ation to assume its logarithm a max. or min. Thus to find \i1hen- 

tJj^ZTa «" -f ^ X 'V «!» — a« is a max. or min. assume log. V*«— ax-|-6 

X «V w— *« a max. or min. or log. Vu:* — 04:4.6 + log. V<» — *» 

max. or mix. J hence J X .j5--^^-p. - i -^jj--^ == 0. 

6. If a, ft, c, <f, &c be the real roots of the equation -^ = 0, taken la 

the order of their magnitude, they will render tf a minimum and maxi- 
mum alternately. 

Cor. If there be m roots equal to a, and n roots equal to 6, then there 
WiB W«lie adnioium v«tae of y foi* the root a, and one mftKiteMn fsr b, 
if ff» and n be odd; and neither max. nor min. values when they tf* 
•Ten. 

MEASURES.— 5m W^ighti ttttd Meatttrtf. 
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MECHANICAL Powers. 



The simple meohanical powers into which more complex machines are 
resolved, are these ;~1. The Lever ; 2. The Wheel and Axle ; a The 
Pulley i 4. The Inclined Plane ; 5. The Wedge ; 6. The Screw ; for which 
see Uie respective heads. 

The following property is common to all the mechanical powers, and 
indeed to all machines whatsoever ; it is known by the name of the prin- 
dple of Virtual velocitieg. 

If a power and weight sustain each other on any machine, and the 
Whole be put in motion, the velocity of the power : the velocity of the 
weight :: the weight : the power. In other words, if the equilibrium 
of a madiine be disturbed by a quantity indefinitely small, and if the ve- 
locity of each force be multiplied into its quantity, the sum of these pro. 
ducts, reckoning the forces which are in opposite directions positive and 
negative with respect to one another, will be equal to nothing. 

MERCURY.— 569 Planetiy element* of. 
MERCURY, Phatee of.—See Venut. 
u. MERCURY, Tranntof,-^ee Transit. 

MERIDIAN, Transit of a star or planet over. — See Time. 
M$:RID1AN, to place a Telescope in.-^See Telescope. 
MERIDIONAL parts.^See Prqf'ection. 
METEOROLOGY.— 569 Atmo^pherei Ram. 
MICROSCOPE,— rJ^oo<?, CodtUngton.) 

1. The visual angle of an object, when seen through a single micrO'' 
scope, is to its visual angle, when seen with the naked eye at the leaflt 

' distance of distinct vision, as that least distance to the focal lengtit of 
the glass. 

Let c = least distance of distinct vision, which in common eyes is about 
7 or 8 indies, F = tiie focal leiq^th of the lens ; then 

Magn. power = -=. 

Ex. Let F =- .02 inch, and o =■ 7 indies, then the number of times thftt 

the length of the object is magnified = -gg- = SSOj and the number of 
times the surface is magnified = 122S00. 

2. Required the same in the doable microMopt. 
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Let A — distance of the object from the ol^ect glast, F and/ = focal 
lengths of the object ind eye glasses, c as before, then* 

<?F 
M agn. power = ~^. 

MILL, Water.^See Wheel. 

MILL, Wmd.See WindmiU. 

MODULUS.— S«tf Logarithmt. 

MODULUS of Ekuticity.'-See BUutie hodiest equilibrium of. 

MOMENTUM, and the moving or motive force which producei it. 

Let M be the momentum or the moving force which produces it ; Q 
^e quantity of matter moved ; A th^aceelerating force ; then 

M varies as Q X A, or A variea as jr. 

V V« 

Cor, l&nee A varies as -^ or varies as -^ we have 

M varies as _, or varies as -=-= . 

1 & 

/. when T is given, M varies as Q X V, and when S Is given, M varies 

as Q X Vt i.e. the moving, force, estimated by its effect produced in a 

jte^n time, is as Q X V ; but when estimated by its effect prodncfd 

through a given space, is as Q X V*. 

MONEY.— r^Wf. Brit Supp.J 

Principal gold coim of different cotmtriet, toith Iheir value in iterUng 

nearly. Srsxianp- 

*. d. 
AcTvnuA ......f. Souverain . IS 11 

Ducat, coins of tliis nam ) are current* 
in Bavaria, Bern, Brunswick, Co- 
logne, Denmarlc, Francfort, Ham. 
burgh, Hanover, Holland, Poland, 
l*ruS8ia, Russia, Saxony, Sweden, 
Treves, 'Wirtemborg, and Zurich; 
and vary in sterling value . 

Bataiia Carolin SO 4 

Max. d'or, or Maximilian . . , . 13 7 

Bs«ir Pistole, also used in Brunswicic . 18 8 

pENMAEK ...... Christian d'or 16 ff 

JSNOX.AND Guinea 21 

Sovereign SO 
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19 


5 


6 11 


24 10 


19 


1 


9 


5 


15 


8 


31 


10 


6 


7 


20 


9 
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FUkHCK ^^uis, since l'iB6 18 10 

Napoleon, or piece of 20 franca . 15 10 

New Louis ditto. 

OSNBTA Hstole, old 16 4 

Pistole, new 14 9 

Genoa Sequin 

Hamoteb George d'or 

Gold florin 

Holland Ryder 

Malta Louis 

Milan Sequin 

Doppia or pistole 15 

40 lire piece of 180S 31 

Naples Two ducat piece or sequin 

Nbthbblands Gold lion, or 14 florin piece 

Parma ............ Pistole, or doppia of 1706 

Maria Theresa of 1818 15 10 

Persia Tomann 10 

Piedmont ...... Pistole since 1785 22 3 

Sequin 9 4. 

Marengo ('iO francs) 14^ 8 

TomvQkL ...... Dobra of 12,800 rees 71 1 

Moidore 96 11 

nece of 16 testoons, or 1600 rees .8 9. 

New crusado of 480 rees 2 7 

Pbubsu ......... Frederick of 1800 16 3 

Rome Sequin since K60 9 3 

Scudo of the Republic . . * 61 11. 

Russia Ruble of 1799 3 

Gold poltin of 1777 15 

Imperial of 1801 32 2 

Sardinia Carlino SO 8 

SiUEONT ..« Augustus of 1784 16 4 

Sicily Ounce of 1751 10 4 

Spain Doubloon of 1772 65 10 

Pistole of 1801 15 11 

Coronilla, gold dollar or vintem of 1801 4 

SwrrzBRLAND Pistole of 1800 18 9, 

Tueeet Sequin fondudl of 1789 7 7 

HalfmisseiroflSlS 2 f 

Yermeebetblek . . .... 12 5~ 

in 
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s. d. 

TuBCAMV Zecdiino or sequin . . « . .96 

Ruspone . . . . S8 6 

UNfFBD States Ekigle 43 7 

Vbnicb ......^... Zeocfaino or sequin 9 6 

WiRTBMBBma CaroUn 20 1 

East Indibs ... Rupee of Bombay and Madras . . 29 8 

Pagoda, Star 7 5 

Principal nlver coins of different countries, with their taiue in sterling 

nearhf. 

Austsu Rix^ollar, coins of the same name' 

are current in Baden, Bavaria, 
Brunswick, Denmark, Hambni^h, 
Hanover, Hesse Cassel, HoUand, 
Lubec, Poland, Prussia, Saxony, 
Spain, Sweden, Switzerland, United 
States, Wirtembergj and vary in 
sterling value . . . . ^ 
Copftsuck, or 20 creutzer piece . .03 

17 creutzer piece 7 

Bbbn Pfttagon or crown 4 9 

Piece of 10 batzen 12' 

Bbembn.. Piece of 48 grotes 8 4 

Bbunswick ... Guilder of 1795 2 4 

Denmark Ryksdaler of 1796 4 6 

Mark, or ^ ryksdaler 7 

Pieceof24skillingB 10 

England ..m**.. Crown (old) 5 

Shilling 10 

Crown (new) 4 8 

Shilling U 

France Ecnofdlivres 4 8 

neceof24soa8 10 

Piece of 30 sons 18 

Franc and Franc (Louis) . 10 

Geneva ......... Patagon 4 1 

Piece of 15 sons of 1794 5 

Genoa Scudo 5 4 

Hamburgh Piece of 8 schillings 7 

Hanover Florin ; . . 2 4 

Hehsk Cassil Florin 2 ^ 
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s. d, 

Hesse Cassel Ecu (1815) 4 1 

Bon gros 1 

Holland ....... Ducatoon ■> . . .56 

Florin or guilder . . . . .18 

12 stiver piece ....... 1 1 

L.UBBC& Mark 13 

I.UCCA , Scudo 4 4 

Barbone 4 

Malta Ounce of 30 tari 3 11 

Milan Scudo 3 9 

Lira 7 

Piece of 30 soldi 11 

Modena Scudo of 1796 3 4 

Naples , Ducat . * 3 5 

Piece of 12 Carlini 4 2 

Netherlands Dueatoon of Maria Theresa . . .52 

Crown 4 7 

5 stiver piece 4 

Florin of 1816 19 

Pabma Ducat of 1796 4 2 

Piece of 3 lire 11 

Pbr.sia ....» Real . 13 

PiEDMpNT Scudo (1770) 5 8 

5A:fMicpiece 4 

Poland ...w Florin ox gulder 10 

PoBTUQAL ...... New crusado (1809) 2 5 

Seis vintems, or 120 rees (1802) . .06 

Testoon (1802) 6 

Prussia ...,„.„ Florin 2 4 

Florin of Silesia 2 

Drittel, or 8 good groschen . . .10 

Rome Scudo (1799) 43 

Testone (1785) .13 

Paolo (1785) ! 5 

Russia , Ruble (1805) 33 

10 copeck piece (1802) . . . '04 

Sardinia Scudo oi: crown 3 y 

Saxony Piece of 16 groschen 2 

'i thaler (1809) 6 

Sicily Scudo 4 I 

Piece of 40 grains 14 
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t. d. 

Spain.* Peceta of 2 reals of new plate (1775) . .0 10 

Real of new plate 5 

Switzerland Ecu of 40 batzen (1796) 4 9 

norin of 40 schillings (1798) ....11 

TuKKET Piastre of Seliin (1801) ' 11 

Piastre (1818) 9 

TtJSCANY ...... Piece of 10 PaoH (1801) 4 5 

Scudo Pisa (1803) 4 6 

Lira (1808) 7 

Unitbd States Dime, or one-tenth of a dollar (1796) .06 

Venice Piece of 2 lire 4 

'WlBTEMBERG CopftSUClc 8 

Bast India ... Rupee of Siccik and Calcutta . .20 

r Bombay, new» or Snrat . 1 11 

Fanam, Cananore, Bombay . .05 

I Pondicherry .03 

Gulden of the Dutch East India Company . 1 9 

Weight of English gold and nlver coin. 

DWT8. OR. 

39 
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MONSOON.— 5tfe Wind. 

MOON, elements and principal plianomena of.^(Vince, Playfair.) 
Secular motion for 100 years, ^ which 25 are blssextilet 10* 7" 53' 12" 
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fieenlar motion of the apogee 3*190 IMS'' 

Secular motion of the *ode 4 14 1115 

Epoch of the mean longitude for 17S0 6 8 2S 20 

Epoch of the longitude of the apogee Air 1760 5 fiO M 56 

Epoch of the longitude of the node for 1750 . 9 10 19 SO 

Mean equation of the orhit . . . . ^ € 18 32 

p. d. h, m. i. 
Tropical revolution 27 7 43 4,7 

Sidereal reyolution 27 7 43 11,5 

Synodic revolution 29 12 4t 2^ 

Anomalistic revolution 27 13 18 98,9 

Revolution in respect to the node ... 27 5 5 90^ 

Tropical revolution of the i^iogee . . 8 311 8 34 57,6 

Sidereal revolution of do 8 312 11 11 80l4 

Tropical revoludon of the node . . . 18 228 4 52 52,0 

Sidereal revolution of do. . . .18 223 7 13 17,7 

Diurnal motion of the moon in respect t# the 

Equinox 13»10'36,0« 

Diurnal motion of the apogee 41,1 

IMnmal motion of the node 8 10^ 

Inclination of orbit to Ecliptic 5 9 

Inclination of axSe to orbit 88 17 

Mean apparent diameter as seen irom earth . . 31 8 

sun 4^6 

Greatest parallax ........ 11 22,99 

Least .53 50,90 

Greatest distance from earth in } diam. of earth . 63,8419 

I^ast ■■*'■ n w -i — — a*w«»M nii ii I 55,9164 

Mean distance i . 50,S791 

Eccentricity, mean distance being I ... ,05518 

Mean diameter in miles 2180 

Density (earth's density being 1} .... 0,6149 

Quantity of matter (earth's being 1) ... 0,01245 

Gravity at surface (earth's being 1) . . 0,1077 

The least diflference between the times of the moon's riMng on two 
sucoesrive nights in the latitude of Ixmdon is 17in i and the greatest ai£> 
ference lA. 17m. 

MOON, inefiMliUet affecting the ofhit of, «mm% edttei tHe Lunar in- 
egttalitiet. 

Of these the following are the most important :— 

1. Evection, or a correction applied to the equation of the ceilre* 
182 



MOO 

arising from aa iRoreaae of tlM acce n tricity d the hummTA ofbit at tte 
quadratures, and a diminution of it at the syzygies. Let M and S be the 
mean longitudes of the moon and sun. x the mean anomaly of the moon. 
;then the-evection is 

The eveetion runs tiirough all its changes in Sid. I9h. 29m. nearly. It 
is called the second luntf inequality, tiie equa^cm of the centre being the 
iirst 

2. Variation.»Le. a variation in the moon*s velocity, which is nothing 
in syzygy and quadratures, and greatest at the octants. It = 

3». 42" X sin. 2 (M — S). 

Its period is half a lunar month. This is the third lunar inequality. 

3. The annual equation or fourth lunar inequidity, is an iir^rularity 
In the moon's motion, arising from the variation of the 8un*s distance 
.from the earth. It is 

11'. ll'',9 X'Sin. mean anomaly of sun. 

1(8 period is an anomalistic year. 

Hieae three inegoalities were kaown before Newton's tiae : they are 
applied as ecMrrecti«Q8 t« the e9iiatioB.of tha centre in ^etermiiidng tiie 
•moon's longitude. 

Otiier inequalities there we which have a mudi longer period ; one for 
instance, discovered by Laplace, depencUng upon the petition of three 
lines, the axis of the moon's orbit, the axis.of the earths (Hrbit, and the 
line of the moon's nodes wMch tidces op aperiod^SS years, and amounts 
to 

W X sia (2 longitude node X langitnde.perigee^«f moon — 3 longi- 
tude perigee ef sun). 

Others again there are which do not run through the drde of their 
4^anges but in the course of several thousand years, and are usually ex- 
pounded by their aggregate in 100 years. The mc^an's nodes, the apogee, 
liie eccentricity, the inclination of the orbit, the moon'a mean motion, 
are all subject to secular inequalities. Of thesq, the most remarkable is 
the acceleration of the moon's mean motion (depending on. a change in 
the eccentricity of the earth's orbit), by which her velocity continually 
encreases, and periodic time deo'eases ftom age to age. For many ages 
to crane, it may be nearly expressed by this formula, where n denotes 
the number of centuries from 1700. 

10". 1816212GB n* + 0". 0185984406 n> 

The tid»leB of the moon's motion contidn at present 88 equations for 
the moon's l<Hi£^lade, 12 fnr her latitnde, and 18 fwr the horisontal pa- 
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rallax ; their greatest probable error does not exceed twelve seconds. 

MOON, libration of. 

The libration in longitude, or the alternate appearance and disappear- 
ance of small segments of the moon on the east and west limbs, arises 
from the uniform angular velocity round her axis, and the variable an. 
gular velocity in her orbit It nearly = the equation of the orbit, or 

about 7^*' at its mftxin^nrp 

The libration in latitude, or the alternate appearance and disappear- . 
ance of the north and bouth poles, arises from the moon's axis not being 
perpendicular to the plane of her orbit 

Diurnal libration, or the appearance of a small segment of the western 
limb at the rising, and of the eastern limb at the setting of the mooq, 
arises from the spectator being situated on the surface, instead of at the 
centre of the earth. 

MOON, augmentation of diameter of 

When the moon is at diffiarent altitudes above the horizon, it is at dif- 
ferent distances from the spectator, and therefore there is a change of 
the apparent diameter. Let the altitude of the moon reckoned from the 
earth's centre or true altitude = a,* apparent altitude, or altitude rede, 
oned from the eu*th's surface = A ; then increase of} diameter = 

Hor. Idiam. X Bin. (| a + l A) X sin, (jtr-j A) 
Hence the following Table :— 



cos. a 



4ugmeutatitM ofmoon*% gemi-diameter. 



AUttude 


Augmen- 
tcUion. 


AttUude 


Augmen- 
tation. 


o»- 


0" 


400 — 


10" 


5 — 


1 


45 — 


n 


10 — 


3 


50 — 


12 


15- 


4 


55 — 


13 


20 — 


6 


60 — 


U 


25 — 


7 


70 — 


15 


30 — 


8 


SO- 


15 


35 — 


9 


SO— 


16 
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Itf OON, HanesU'-^See Harvest Moon. 

MOON'S mean age to find. 

The moon's mean age at any time may be found for the next 50 7ean> 
by the following Tables :— 

' TABLE I. 
Epacts of Yean. 



Years. 


EpaiSts. 


Years. 


EpacU. 


Years. 


Spads. 


1827 


2d9h2i/ 


X 1844 


10422^14' 


1861 


ISdlUAf 


B 18S» 


13 23 35 


1845 


21 13 26 


1802 


29 3 16 


1829 


24 14 47 


1846 


2 15 53 


1863 


10 5 43 


1830 


5 17 14 


1847 


13 7 4 


B 1864 


21 20 55 


1831 


16 8 26 


B 18i8 


24 22 16 


1865 


2 23 22 


B 1832 


27 23 37 


1840 


6 43 


1806 


13 14 33 


1833 


9 2 4 


1850 


16 15 55 


1807 


24 545 


1S34 


19 17 16 


1851 


27 7 6 


B 1808 


6 8 12/ 


1835 


19 43 


B i8ae 


9 934 


1869 


16 23 24 


B 1836 


12 10 56 


1863 


20 045 


1870 


27 14 36 


1837 


23 2 6 


1854 


1 3 12 


1871 


8 17 3 


1838 


4 434 


1855 


J.1 18 24 


B 1872 


SO 8 14 


1839 


14 19 45 


B 1856 


23 935 


1873 


1 10 42 


B 1810 


26 10 56 


1857 


4 12 2 


1874 


12 1 S3 


1841 


7 13 94 


18S8 


15 3 14 


1875 


88 17 4 


1842 


18 4 35 


1850 


25 17 26 


B 1876 


420 38 


1813 


28 19«7 


B I860 


7 20 63 
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TABLE It. 
Epacts »f Months. 



Months. 



January 

February 

Bilarch 

April 

May 

June 



Epaets. 



td(ih(y 

1 11 16 
80 11 16 
1 948 
1 21 4 
3 820 



Months. 



July 
Aognat 
September 
October 
[November 
mbtf 



INove 
JDecei 



Epaets. 



9dl9h9& 
6 652 

6 18 8 

7 524 

8 16 40 
^ 855 



In leap Years, a day is to be subtracted firom the sum «f the Epacts, 
^n the montliB of January and Febmvy. 

RuLB.— Add the Epacts of the given year and month, and the proposed 
time reduced to the meridian of Greenwich. If this sum exceeds a mean 
lunation or 29d. Mh. 44m., deduct it tlierelToro, and the remainder is the 
moon's mean age. 

MOON'S time of passing Meridian.-^See Time. 
1S5 L2 
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MOON Eclipses of.-^See Eclipses. 
MOTION accelerated.^CWheweU.) 

Formulae for accelerated motion, whether the body is acted upon by 
r<»n8tant or variable forces, gravity being represented by 5- = 38*^^ feet, 
its effect produced in 1 second. 

Force constant. 

v=.ft s = J/<«. 

From these two equations we obtain, by simple eliminations, the foL. 
lowing results : 

•'"■<" 2* ~ w 

If gravity be the constant force, substitute g lot f in the above for. 
mulse. 

Let a body be projected with a given velocity u, and acted on in the 
same direction by a constant force/,- it is required to determine the re- 
lation of the space, time, and velocity. 

Let s be the space described in the time /, then 

« = tt + /fc 
If the body is prqjected in a direction opposite to that in which the 

force acts ; 

s = ^ V — I /^ i 

« = « — /<. 

Ex. 1. Space described by gravity in 10" = 1608J feet j and velocity ac- 
quired = 321 1 feet. 

Ex. 2. A body is projected upwards with a velocity of 100 feet j to find 
bow high it will ascend in 2". 

# = /v — |^^i = 2x 100 — Jx 32.2 X4= 136.6 feet 
Ex. a Spaces described by gravity in the 1st, 2d, 3d, &c seconds are 

P 'ig ^g 1g « 
2"* T~* ~2"» "^ *^*^' 
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Ex. 4. If a body has fallen V'^ the space described in the last n" = 
■|(2»i^-n«). 

Ex. 5. I^ace described in the second immediately previous to the last 

n"= -1^ (2« — 2n— 1), 

Force variabie. 
ds ^ dv 

*' - TT ■^= TT- 

When the force is a function of the space, we may hence find the velo- 
city and time. For multiplying the above equations crossways, to elimi. 

nate dt, 

tj rf » = fd t. 

If we put for /its value in terms of $, we can int^rnite the last equa* 
tion, and thus obtain | e> = fl./<^f, whence v is known. 

After this t is determined by the equation 

V If 

Ex. 1. I>et a body fall from rest from the distance a towards a centre 
of force varying directly as the distance ; to determine the motien. 

XiCt m be the absolute force tending to the cenU'e, then 
f=mx, ,'. vdv =z mxd$ = -^mxdx ,*, c« = C — m4r9 — 
m{<i»-^ if). 

Ando=f»i (ai— jr«)l' 
. dt __ dx 



/, t = — r-. arc (cos. = —) 



mi 

Ex. 2. Required the same when /varies as yrf. 

XT _ J mdx 

Here vao =—1 



. « _ /?m /a — * 



« X 



r ^ 2m ^ V(« — A) '• '^ 2ff» '^ 



(arc + sin.) whose ver. sin. is a — «■. 
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£x. 3. Required the same when the force is as 

, ^- mdx 

vdo =/a»=— . 



/2m /SLJZ^.£ 



a X 

n-i 
«-! 3 

V Va — jr / 
oan be iategrated cmly in particular caseSb 

moVING Force.—See Momemtum, 

MOUNTAINS, height of the principal, from the best authoritiet ; to. 

gether with the rocks of whieh they are composed. 

Fbbt. 
Dhawalageri (Napaol) slaty primitire rocks, as 

gneiss, mica slate, scherl rock ; details unknown . . 27,977 

96 Peidcs of the Himalaya mountains, observed and-^ Do. from 25,740 

calculated by Captain Hodgson . . . ' to 17,017 

Jamaturi (Napaul) do. do. . 25,500 

Chimborazo (highest of the Andes) ^ AU these h^k summits 21,4^0 

Cajambe (Quito Andes) , . f of the Andes are of vol- iq^^ 

. . Vcanic matter resting on ,„,_. 
Antisana (highest yjA^o, Andes) f ^rbm^^e rocks, such as ^^'^^ 

Cotopaxi (ygijl^o, Andes) . -^ gneiss, mica slate, &c;. 18,875 

rMountStElie 18,000 

Popocatepetl (ygls^o of Puebla Mexico) .... 17,720 

Cotocatche (Andes) . . . • 16,450 

Tonguragua (vslj^o, Quito) 16,270 

Mouna Roa (Owhyhee), volcan ic from top to bottom } ail the 

rocks of the island are igneous 15,871 

Mont Blanc (Alps, highest in Europe) granite, syenite, horn- 
blende slate, in vertical layers . i , . . . 15,665 
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Mont Rosa (Alps), tale slate and serpentine . '. . . 15,527 
Ortler Spiltze (Tyrol) alpine or Jura limestone, with organic 

remains 15)490 

Mount Cervin (Switzeriand) prknitire slaty rocks I'^TSO 

Mount Ophir (Sumatra) 13,842 

PeakofJungiiraa (Switzerland) alpine limestone . . . 13,735 

Pambamarca (Andes) 13,500 

BrsBt-hom (Switzerland) granite and gneiss .... 18,815 

Sodionda (China) i^imitiTe, probably granite 12,800 

flnisteraaham (Alps) granite and gn^eiss .... 12,210 

Lake of Tolttca (Mexico) 12,195 

Peak of Teneriffe, volcanic from top to bottom . 12,176 

Town of Mict^Munpa (Peru) 11,670 

Molahaoen (Spain) ..*...... 11,670 

Peak of Venlatta (Spain) ........ 11,390 

Mont Perdu (Pyrenees) calcareous, witti organic remains , 11,265 

Le Vignemal (do.) summit granite, flanks calcareous . . 11,010 

Mount iEtna (Sicily) vo^^jjip ashes, scoria, lava, &c. . 10,^5 

ItaUtzkoi (Altaic chain, Asia) 10,735 

Pic Blanc (Alps) 10,205 

IJuito 9,630 

Awatsha ( volcan o, Kamtchatka) 9,600 

Mount libanus (Turkey) 9,585 

Real del Monte (mine, N. Spain) poryhyry slate . . . 9,125 
Imbabura (Quito) a great volcani c dome resting on primitive 

rocks 8,960 

Mont St Gothard (Alps) granite and gneiss . • . 8,930 

Peak of Lomnitz (Carpathian Mountains) primitive rocks, 

details unknown ......... 6fi\0 

Mount Valina (highest of the Apennines) .... 8,300 

Sneebutten (Norway) gneiss, mica slate, and otiier primitive 

slates . .......... 8,295 

Blue Mountains (Jamaica) 8,180 

V^l^o, Isle of Bourbon , ,* J ; . . . . '?,68Q 
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MexiM . . • 7,885 

Mount Cenis (Alps) transitioa slate, Sfc . . , . ^TBO 
Moont Olympus (Turkey) pdmitiire limestone, with serpen- 

) r tine, syenite, porphyry ..,...., 6,fiOO ^1 

'-^•^-S c. Stony Moontfdns (N. America) 6,250 / 

f Mont d'Or (France) . * «,190 

Roettmck (Sweden) gneiss and mica date .... 6,000 

Monnt Recul^t (Switxerland) . 5,590 

Pay de Pome (France) a^fuOent rolcanie rocks (trachyte) B^^Vi 

t» Sonffiriere (Ouadaloupe) yoloa nie 6,110 

Hatda (loelaQd) rokanic fprom top to hottom^ soaria, laT% 

tuff, porphyry, slates &e. 5,010 

Mount Ida (Torkey) 4^068 

Ben Nevis (highest in Britain) feldspathic slate, greeQsto|ie 

sifite, &C. 4,870 

Jondla (T olcay , Mexico) rolcanic spocia .... 4,865 

Ben Lawers (SootUnd) 4^015 

Monnt Vesnvius (Italy) y<^c op ic ashes, scoria, Ia?a . 3,885 

Ben Wy vis (Scotland) 3,'»0 

flnowden (higliest in Wales) transition slate, vfWiwguaie ra. 

mains, greenstone sliU», &c ».,,.. 3,571 

Town of Caracas 9,480 

Bea Lomond (Scotland) feldspathic slate, greenstone slatc^ 

&c 3,250 

JSca Fell (Cumberland) pUoritic slate, greenstone slate, com. 

pact felspar, &C. 3,166 

HelveUyn do, S,lQfi5 

Skiddaw, day slate, with crystals of cfaiastolite 3,08i 

Cadir Idris, compact fd^^, greenstone slate, &(• 2,014 

Cross Fell, mountain limestone, a94 qiiUstone grit . . 8,801 

Cheviot, porphyry 2,658 

Plynlimmon 2,468 

Whemside (Ingleton Fells) mountain limestone, gritstone, 

Ac- 8^384 



"i 



MOU 

Ii^^>oroiigb, mountain Umeetone, gritstone, ftc. 9,961 

Madrid 2^6 

Pennigent do. .... 2,270 

Whernside (Kettlewdl) do. .... 8,263 

Fountains Fell do. .... 9,180 

Snea Fell (Isle of Man) day slate 2,001 

Pendle Hill, mountain Hmestone, millstone, grit. . 1,80^ 

Rye Loaf mu do. l.tSS 

Malvera Hills, Syenitic granite 1,444 

j^(j>tarac t of Teqoendama (S. America) 60O 

St Peter's, summit of the Cross 535 

Pyramids (Egypt) ^Sy 600 

Natural Bridge of Iconozo (S. America) .... 30O 

CaqdfUi sea iM^pw the ocean T^y 30& 

Gay Lossao— highest altitude erer attained by a balloon, 
Sept 16, 1804 2S,900 

Highest flight of the Condor 21,000 

Height attained by Humboldt up the Andes, June 2:i, 1802 19,400 

Highest limit of lichen idants . 18,925 

Lowerlimit<^perpetnalsnovr on the Equator 15,130 

Farm House of Antisan^ 13,435 

Highest limit of trees 11,125 

Superior limit of oaks in the t(»TidBoae .... 10,500 

Consent on Mont St Bernard (Switzerland^ 8,040 

Do. of St Gothard (Alps) . 6,810 

MOUNTAINS, ttaibOity of.— See RtJ¥mii&n. 

MOUNTAINS, attraction of. 

Dr Maskelyne was the first who satisfactorily proved the attf action of 
mountains by their effect in drawing the plumb line fbotn its vertical 
direction, llie mountain selected was Schehallien in Scotland, the mean 
height of which above the surrounding valley is 2000 feet, and above the 
level of t^e sea S550. The attraction of this mountain was found = 5",8 : 
from which Dr Hutton calculated the mean density of the earth to be 
near 5 times that of watw, or as 99 to 20, and almost double the density 
of rodcs near the earth*! sunbce. Mr CftTen^shi upon totally dUferent 
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principles^ found the density of the earth to be to that Of watev as b.4S 
: 1. The internal parts of the earth are .*. much denser than those at 
the surfare ; though in what manner the dense parts are disposed of must 
be uncertain. 

MOUNTAIN, correction for height of.-^ee Refraction. 

MOUNTAINS, msibilUy of.-~.See Refraction. 
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NEBULiE, and Clusters of Stars.^^C Herschel.) 

On HerscheVs Catalogue of new Nebuke, and clusters of stars. 

The telescope used was a Newtonian reflector of 20 feet focal Icngtb, 

7 
and 18r^ inches aperture. Tlie sweeping power was 157. The field of 

view 15'. 4". 

The Nebulae are divided into classes like the double stars. (See Stars 
dotdfle.J Thus in the 1st class, the degree of brightness of the Nebulae 
has been the leading feature, as most likely to point out those which or- 
dinary instrdments may be expected to reach. The 1st class .*. contains 
the brightest of them ; the 2d those whidi shine but with a feeble light ; 
and in the 3d are placed all the very faint ones.. It should be observed, 
that what Herschel calls bright, or very bright among those of the first 
class, are commonly less distinguishable than what Messier, in his Cato- 
logue des Nebules (given in Wollaston) caUs faint ; on account of tiie su- 
periority in the instruments of the former observer. 

Besides this general division, th^e are added a 4th and 5th class, whiclr 
contain Nebulae deserving a more particular description. The 4th class 
contains Planetary Nebulae, i.e. stars with burs, with milky chcvel'ure, 
with short rays, remarkable shapes, &c. The 5tk olaas very large Ne- 
bulae. 

The 6th, 7th, and 8th classes contain clusters of stitfs sorted aooordtog 
to their apparent compression, like the Catalogue of double stars, so that 
the closest and richest clusters take up the first or 6th class s the bright- 
est, largest, and pretty much compressed ones, the second or 7th class ; 
and those which consist only of scattered and less collected large stars^ 
are put into the last. 

Note.-^yrhen a superior power and telescope increase the brlghtnera 
of a nebulai, but at the same time only make the tinge of it more oni. 
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fonnly anited, and of a milky appearance, it may be concluded to be 
purdy nebaloos $ bat when by using a superior instroment, its appear. 
MU9e is a ndxtore of nebnloBity and extremely fine points, so that we can 
almost see stars, the nebula is said to be eaHly resolvable^ and may be 
concluded to be a cluster of stars. 

Cot^'edure on ihe naHire ofn^uke, H«t retokrable. 

In Ihe Ffallo8ophi(»l Transactions for 1811, H^rschel has stiu-ted a new 
conjecture respecting the nature of nebulae. He no longer considers < 
them as clusters of stars, wMdi assume a nebuJoiis appearance by reason 
of their immense distance, but that they consist of a luminous and ex. 
tremely rare substance. That this substance, at its first formation, is 
pretty equally diilused through the nebula; but that in the coarse of 
ages, this matter, by the preponderance of some part of it, forms*one or 
more centres, to which all ttie other matter gravitates ; that in conse- 
quence of this, the nebula gradually decreases iu size, and increases in 
density, till at last a nucleus is formed ; and the nebula becomes plane, 
tary surrounded by nebulous matter ; which last again is finally absorb, 
ed by the central body ; and the whole then is, or has all the appearance 
of, a fixed star. This connexion between nebulous matter and a fixed 
star, and the conversion of the one into the other, he endeavours to 
establish, by arranging the nebulae into classes, according to their sup. 
posed age and degree of condensation, beginning with extensive and uni- 
formly diffused nebulosity, and establishing the connexion between this 
and a fixed star by such nearly allied intermediate steps, as makes it not 
improbable that every succeeding state of the nebulous matter is the re. 
suit of the action of gravitation upon it while in a forgoing one, and by 
such steps the suocesdve condensation of it has been brought up to the 
planetary condition. From this the transit to the stellar form requires 
but a very small additional compression of the nebulous matter; and in 
Horschel's observations of many of these it became doubtful uhether 
they were not stars already. 

The steps by which he arrives at this conclusion are nearly as fol- 
lows:— 

1. Extensively diffused nebulosity. 

2. Nebulosities joined to neb ulse. 

3. Nebulse of various shapes, but nearly uniform brightness, 

4. Nebulae that are gradually a little brighter in the middle. 

5. Nebulae which are gradually brighter in the middle. 

6. Nebulae which are gradually much brighter in the middle. 
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7. Nebulae that have a cometic appearance. 

8. Nebulae that are suddenly much brighter in the middle. 

9. Refund nebuloB increasing gradually in brightness up to a nudeu 
in the middle. 

10. Nebulse that have a nucleus. , 

11. Round nebulae that are of an almost uidfMin light 

12. Nebuke tiiat draw progressively towards a period of final c<mdeiu 
sation. 

13. Planetary nebulae. 

14. Stellar nebulae. 

15. Stellar nebulae nearly approaching to the appearance of stars. 

Clusters o/ stars. 
We have seen according to Herschel's doctrine, that extensive ne- 
bulosities are in process of time broken up into separate and distinct 
nebulae ; and that these last again, after becoming gradually m<M« and 
more condensed, form stars. Upon the same principle he accounts for 
the formation of clusters of stars. He conceives that in ridi portions of 
the heavens, as for instance the milky way, various centres ^f attraction 
are formed, to which the neighbouring stars gravitate ; that thus the 
whole is broken up into separate systems or clusters of stars. That these 
clusters at first are of various irregular figures, and consist of stars coarse- 
ly and unequally scattered over the mass ; that by the progress of con- 
densation they become more insulated and detached from ttie neighbour, 
ing stars, their figures are more r^rular and spherical, and tiie stars more 
rich and closely connected ; till they at length form those minute and 
beautiful phaenomcna which are undoubtedly the most interesting ob. 
jects for our finest telescopes. He arranges tiiem as follows, nccor^tag 
to their degree of condensation. 

1. Aggregation of stars, or patches of stars, which seem beginning to 
form dusters. 

2. Irregular clusters of various unascertained sices. 

3. Clusters variously extended and compressed. 

4. C<msiderably compressed clusters of stars. 

5. Gradual concentration and insulation of dusters of stars. 

6. Globular clusters of stars requiring a very fine telescope, 

7. More distant globular clusters of stars. 

8. Still more distant globular clusters. 
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NEUTRAL Point.^See Elastic bodies^ equilibrium of. 

NIGHT-GLASS, or Sweeper. 

These are Telescopes of two, or two and a half feet in length, with 
large apertures, the object glass either a single lens of 3 or 3| inches dia- 
meter, or an achromatic of 2% ; their magnifying power, 6, 8, or 10 
times ; field of view 5 or 6 degrees : they are occasionally furnished with 
a system of cross wires, and a diagonal eye piece. Their use is for a ra- 
pid survey of any part of the heavens, and for fixing upon such objects 
as may be proper for examination with finer telescopes. They are also 
osefiil, provided tiie observations are recorded, in detecting minute 
changes in the heavens upon a subsequent review; or in searching for 
any ol^ect supposed to be moveable, as an asteroid. For this purpose 
delineations of the telescopic constellations, near the place where it is 
suspected to be, should be drawn upon paper ; and after some days in- 
terval, the moving star will be discovered. This can only be done with 
a night glass of very low magnifying power. Herschel's small sweeper 
was a Newtonian reflector of 2 feet focal length, aperture 4,2 inches, 
magnifying power 24, and field of view 29 12'.-:-('PM. Trans.) 

NONIUa— 5ec Vermer. 
NORMAL.— 5e& Subnormal. 
NORMAL, equation to.— See Tangent. 
NUTATION of the Earth's axis.—See Precession. 



O 



OBSERVATORY. 

TABLE, 

Of the Latitudes and Longitudes of the principal Observatories of Europe, 

from the most recent and accurate determinations.—CLax.) 



Amsterdam 






LAirruDE N. 
5^0 22' 17" 


Longitude. 
Oh mn2Qs £ 


Armagh ^^ 




.^^ 


54 21 15 


26 30 W 


Berlin ..^ 






52 31 45 


53 29E 


Berne •»»«» 


«-^ 




46 56 55 


29 45 


Bologna 






44 30 12 


45:(^ 


Bremen ..^.^ . 


— 




53 4 38 ...... 


35 12 
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"TCmruPBTT' 
52o 16^ 29",..... 



Brans wick 

Buda 

Cadiz 

Cambridge 

Cassel 

Coimbra 

Copenhagen 

Craoow 

Dantrio 

IXwpat 

Dresden 

DabUn 

Edinboii^li 

Florence 

Geneva 

Genoa 

Glasgow 

Gotha 

Gottingen 

Greenwich 

Koenigsburg 

Leipsic 

Lilienthal 

Lisbon 

London 

Madrid 

Marseilles 

Milan 

Moscow 

Munich 

Naples 

Nuremberg 



•....9 



47 89 44 ...... 

36 38 

52 12 36 ...... 

51 19 80 ...... 

40 18 90 

55 41 4 

uO li «jo •..«.. 

54 20 48 

56 88 47 

51 8 50 

53 83 13 

55 57 81 

43 46 41 
46 12 

44 25 
55 51 38 

50 56 8 

51 31 50 
51 28 39 
M 42 12 
51 20 16 
53 8 30 
38 42 24 
51 30 49 
40 84 57 
43 17 49 

45 28 2 
55 45 45 

48 8 20 
40 50 15 

49 26 55 



LONQITUVB. 

0A42m8« 

1 16 10 

25 9W 

17E 

38 81 

38 SOW 

31 38 E 

1 19 49 
1 14 38 
1 46 48 
54 52 

85 22W 

18 41 

45 3E 

24 38 

35 52 

17 4W 

42 56E 

39 46 



1 21 57 
40 27 
35 37 

36 StW 

23 

14 40 

21 29 E 

36 46 

8 30 12 

46 IS 

57 3 

44 17 
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Oxford 






Latitude N. 
51 45 39 


; LoNGlTUDIi. 

OA bin Is W 


Padua **^^ 






45 24 


2 


47 26 E 


j^lenno ->r**. 






38 6 


44 


53 28 


Paris 






48 50 


14 


9 21 


Pavia 




.r^.««. 


45 10 


47 


36 39 


Petersburg 






59 56 


23 


2 1 15 


Pisa 






43 43 


11 ...... 


41 36 


Portsmouth 






50 48 


3 


4 24W 


Rome «sM»w 






41 53 


54 


49 50E 


Slough .««^ 






51 30 


20 ...... 


2 24 W 


Stockholm 






50 20 


ol ...... 


1 12 14 E 


Strasburgh 






48 34 


56 


30 59 


Toulouse «^««. 






43 35 


46 


5 46 


Turin 


..^ 




45 4 





30 41 


Upsal .^.^ 






59 51 


50 


1 10 36 


Utrecht 






53 5 


31 


20 29 


Venice ..^.^ 






45 25 


32 


49 24 


Verona ...^ 






45 26 


7 


44 5 


Vienna »»w. 


i,«««» 




48 12 


40 


1 5 31 


Wilna .•^ 






54 41 


2 


1 41 12 



OPERA.GLASS.— i:ifcAM«?r. 

An Opera-glass should not magnify more than three; or at the most 
four times ; this also makes a pleasant prospect glass. If it hare besides 
a power magnifying twice, it will be an excellent assistant in giving a 
general view of the constellations, and will be a good finder for sweep- 
ing the sky for a comet The best Op6ra-glasses at present made by op- 
ticians, have an achromatic olgect glass of one and a half inch in diame- 
ter, magnifying four times j the price in a plain mounting, about two 
guineas and a half. 

OPTICS, laics of. 

The theory of Optics reposes on three laws, which depend for their 
proof upon observation and induction. 

1. The rays of light arc straight lines. 
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S. The angles of incidence and reflexion are in tlie same plane and 
equal. 

3 ^ l^c angles of incidence atid refraction are in the same plane, and their 
sines bear an invariable ratio to one another for the same medium. 

For the various subjects connected with this branch of science, see the 
respective heads. 

OSCILl,ATION, Cetttre of.^See Centre. 



PALLAS. 

This planet was discovered by Dr Olbers, of Bremen, March 28, ISOsJ. 
For its elements— «ee Planett, elements of. 

PARABOLA, principal propertied of .'—See Conic Sections. 
PARACENTRIC veheity.'-See Central Forces, 
TAnALI.AX.^C^oodhouse, PUuffair.) 

1. If P be the horiEontal parallax of a heavenly body, p the parallax 
at a tenith distance k. 

p zzYX sin. z. 

Cor. If R be the radius of tlie earth ; r the tabular radius, d the dis> 
tauce of th« body, then 

rf= Jx R. 

To adapt this to computation, r must be expressed in degrees, miautes, 
&c then 

, ffTo. 8857795 ^ „ 
» •= p X K. 

8. If two obserrers under the same meridian, bnt at a great distance 
from one anotiier, observe the senith distances of the same {danet, when 
it passes the meridian on the same day, they can from thence determine 
the horizontal parallax. 

Let L and L' be the two latitudes, « and x' the observed zenith dis« 
tances, then 

p- ^4-g'--(L± LQ 
sin. M + dn. tc 
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Utis formula was employed by Laraille, at the Cape of Good Hopp, 
and Wargentin, at Stockholm, for finding the parallax of Mars. It can- 
toot be successfully applied to the Sun, or to Jupiter, Saturn, or tlu» 
Georgian ; for where the parallax does not exceed 10 or 12' seconds, the 
probable errors of observation will bear so large a proportion to it, as 
materially to affect the certainty of the result 

The moon, however, whose parallaxes are considerable, is a proper 
instance for the method, though in that case it will require some modi 
fication J as we must take into consideration the spheroidical figure of 
the earth ; thus 

Let R be the radios of the equator, r and r' the radii of the earth at 
the two places of observation, z and z* the zenith distances found as be- 
fore, but corrected for the /*s between the vertical and the radius, then 
the horizontal parallax at the equator is 

a; + ar' — (L ± L') 



r siu. flr -I- r sin. z' 



X R. 



3. The parallax of a planet in R. A. being found by observation, to find 
its horizontal parallax. 

Let t be the R. A. in time, taken out of the meridian, then 



P = 



15 s X COS. dec. 



COS. lat. X sin. hour angle 

If the R. A. be taken both before and after the meridian, and Ji and h' be 
the two hour angles, and * the sum of the parallaxes in R. A. on the east 
and west of the meridian, 

p _ 15 g X COS. dec . _ 

cos. lat. X (sin. h + sin. h') °^ ~ 

15 * X <^o8. dec. 



2 COS. lat. X sm. — | — x cos. — ^ — 

♦. The greatest horizontal parallax of the snn and planets. 

Sun 8",75 Venus 29",1G Jupiter 2",08 

Mercury 14",.58 Mars 17",50 Saturn 1",027 

Georgian ... 0,"415, 

For Sun's parallax in altitude— ^^^ Sun, 

5. Parallax of the fixed stars, 

lithe annual parallax does not exceed 1", the distances of the fix^l 
■tars cannot be less than 206265 times the radius of the earth's orbit U 
1» M 
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w probable, however, that the parallax of a star of the second magnitude 

is not more than -r- of a second ; and of a star of the sixth magnitude^ 

I 1 
not more than — or — of that quantity. 

PENDULUMS, otcillation of, ^c.^(Wood, Wieveff, ^cj 

I. Let T =" time of vibration of a simple pendulum in a cycToidal arr, 
L := length, F = accelerating force, g = force of gra>'ity =r 32% feet, 
» = 3.14150, &c., n = number of vibrations in a given time T', then 

TjCzz fj ^-r= — , or in case of gravity T = sj — , 

F g 

/FT'* / D- iv« 

and » = a/ — r-T-» o' '^^ case of gravity n — isj °- . . 

Cor. Hence \i x— space fallen tlirough by gravity in 1" in any lati- 
tude, and L = length of a seconds pendulum, then if jr be given, L = 

; and if L b« given, x = 



^ , o-.^-, - 2 . 

By help of this last formula x is found more exactly than cim be done 
by direct experiment In the latitude of London L =39.1:^ inches, 
hence x — 16.09 feet 

2. To find the vibration of a pendulum in a circular arc, let a = ver. 
sin, of % arc of vibration, r radius of the circle ; then 

T= ^/^x(l + ~^+ 2^+&c.) =, when a or 

the arc is very small, v = time of vibration in a cycloid. Hence 

th« formulse above given are applicable to bodies vibrating in very small 
circular arcs. 

3. If a pendulum vibrating in a circular arc keepa true time whilst os. 
dilating through "h degrees on each side of the vertical ; then when it os- 
cillates through D d^r^e^ ^^ seconds lost in 24 hours, if D is greater 
than 9, 

or if D is less than 2, time gained 
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%. To eotrect Ihe going of a dock. 

Let L = prcseut length of the pendulum, t" = No. of seconds gained 
t>r lost in the time T", x = quantity by which the pendulum must be 
.altered; then 

x = ^ -TjpTT- nearly. 

St. Let X = heiglit of a mounttun upon which a seconds pendulum loses 
n" per hour ; then 

jT = n 4- -^ miles nearly. 

& If the force of gravity be slightly altered, to find the number of 
Seconds gained or lost in a day by a seconds pondulnm. 
Let g =. force of gravity when t>eada!am vibrates seconds, 
N = No. of seconds in a dtiy, 
g{\ ^h) = force of gravity when slightly increased, 
■t = seconds £^ed in consequence, then 

'- 2 • 

7. Given the number of vibrations (p) of a pendulum in air, to find the 
aumber V in a vacuum. — (Galbraith.) 
Let in be the Sffec. grav. of the pendulum, liiat of air being 1 ; then 



V = -(' + «-V + 8^. + *'0 



a nr n' be the ntnnber of oscillations performed in 24 hours by- the ex- 
f eriraental pendulum, n the true number, e the expansion for a change 
of 1* Fahrenhdt, t the standard temperature^ and t the observed ; then 

n = n' -^ % n'e it' — t) 

9. To reduce the length of the pendulum from any height to the level 
of the sea, the true length being denoted by /, the observed by /', the 
Jieight above the sea by a, and the radius of the earth by r ; then 

' r 
Some allow one-third fur the'eftect of the douse strata immediatdy 
under the pendulum, in which case 

4 a/' 



/=/' + 



3r • 
2v' a 



In a similar manner r — «' 4- „ 
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10. To find tliu length of the seconds pendulum at the lcv£i of U&e sea» 

in any latitude A. 

Length = 3a0117150 + 0.21(K732 8in.» A. 

TABLE, 
Of the length of the seconds Pendulum in racuo, at tJie level ofOte sea, by 
Sir G. Shitckbtirgh's standard (see Weights and MeasurejJ, observed 
at tlw following places^ by Capt. Rater's met/tod^ and trith his apparcUtu. 



Captain Sabine , 

Do 

Capttun Kater ...., 

Captain Sabine 

Captain Kater , 

Do , 

Do , 

Do , 

Do 

Do 

Captaiu BasU HaU 
Mr Goldingham ...., 
Captain Basil Hall 

Do 

Sir T. Brisbane , 

Captain Sabine , 

Do 

Do 

Do 

Do 

Do 

Po 



JiJOm •••••••#•«••••• 



Do. 
Do. 
Do. 
Do^ 

''20f 



Melville Island 

Hare Isl. Baffin'sBay 

Unst 

Brassa, Shetland 

Portsay .................. 

Leith Fort ..m......... 

Clifton 

Arbury HiU 

London 

Shanklin Farm 

San Bias 

Madras 

Galapagos 

Rio de Janeiro 

Paramatta 

St Thomas 

Maranham 

Ascension 

Sierra Leone 

Trinidad 

Bahia 

Jamaica 

New York 

Drontheim 

Hammerfest 

Greenland 

^pitzbergen 



Latitude. 



74 47 13,4 

70 26 17 

60 45 28,01 

60 10 

OT 40 56,65 

55 56 40,8 

53 27 48,12 

52 12 55,32 

51 31 8,40 

50 37 23,9* 

21 30 24 
13 4 9 

32 19 

22 55 22S 
33 46 43S 

24 41 N 

2 31 43 S 

7 55 48S 

8 29 28 N 
10 38 56 N 
12 59 21 S 
17 56 7 N 
40 42 43 N 
63 25 51 N 

70 10 5 N 

71 32 19 N 
7J» 19 58 N 



Lenrthof > 
Pendulum. 



39,207 

39,1984 

39,17146 

39,16029 

39,16150 

39,15554 

39,14600 

39,14250 

39,13929 

39,13614 

39,03776 

39,026302 

39,01717 

39,04381 

39,07600 

39,02074 

39,01214 

39,02410 

39,01997 

39,01881 

39,02425 

39,03510 

39,10168 

39,17156 

39,19519 

39,20335 

39,21469 
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Porthe elliptidty of the eartk as deduced ftam these experimentfr— 
^ee Earth,,figure -itf. 

The following Tetble shetn the second* gained in one day hy a pendulum 
vibrating secondg at the Equating in dijerent Uttitudet, when^ it remaint 
^J the fame length.— C Vince.J 



Lat. 

ao 

i5 
20 
25 
30 
35 
40 
45 
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Seconds grained. 

1",7 

6,9 
15,3 
26,7 
4T),8 
57,1 

94^ 



... 114,1 



Lat. Seconds f uned. 

50« 134",0 

55 158,8 

65 187,5 

70 201,6 

75 213,0 

80 ». 221,4 

S5 226,5 



PERCUSSION, Centre of.See Centi-e. 
PERMUTATIONS and Combinations. 

Permutations. 
I. The number of permutations that can be formed out of n quantities. 

Taken 2 and 2 together = n. (n^ 1.) 

Taken 3 and 3 together = n. (n-1.) (n-2.) 

Sec. &C. 

Taken r and r together = n. (n - 1.) (n - 2) ... (»- r 4- 1.) 

Thus the number of changes that can be made with 3 bells out of 8 = 
8.7. 6. = 336. 
If n = r Le. ifthe permutations respect all the quantities at once, them 

(since n-r^o) the number will be n. (» - 1.) (n - 2) 3. 2. 1. Thus 

the number of permutations which can be formed ont of the letters com- 
posing the word vtrfu^, are 6. 5. 4. a 2. 1 = 720. 

2. The number of permutations that can be made out of n things wher« 
there are p of one kind, r of another, g of another, &c. 

_ n. (n-1.) (»-2.) (n»3) .>«...^. 2. 1 
■" L 2. 3 ...jB X L 2. 3 ...... r X 1. 2. 3 ... g' ' 

Thus the number of permutations that can be made of the letters lu the 
V^tA Bacchanalia (since a •ecurs four times, c twice) 

11. 10. 9.8. 7. 6. 4 3. 2. J 



1. 2. 3. 4 X 1. 2 



= 831600. 
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Combi7iation)t. 
I. The uumbpr of coinbiuations that can be formed out of n things, 

w-1 
Takou 2 and 2 together ■= n. 

• > S and 3 — — — . = n. 

&c. 

«-r 4-1 



•• r and r > .. <•>• •> = n. 



2 




2 • 
&c. 


3 


w-1 
2 • 


«-2 
3 



Thus how many combinations can be made of two letters out of the 26 
letters of the alphabet, 



No. ^ 26. ^ = 326. 



2. The total number of combinations of n things taken 1 and 1 > 2 and 
2 J 3 and 3, &c. together, 

Thus an the possible combinations that e^n be made of a common suit 
of 13 cards taking them by one's, two's, three's, &c. at a time = 2»s — 1 
= 8191. 

3. All the possible permutations and combinations that any number of 
things can be made to undergo when taken by two's, three's, &c., up to 
the whole number of things given, is expressed by the sum of the geo- 
metrical series « + wg 4. »' 4. n< 4. n'* j and .'. 

nn >_ 1 
n — 1 

Thus the whole number of permutations and combinations that can be 
made of the 1 letters </, ft, c, d, when they are taken by two's, three's, 
and four's 

4^ — 1 

= 4^rrx^ = ^- 

4. Supposing there are m seta of things, one set containing n things, 
another j», another 7, &c., then the total nmnber of combinations that 
can be formed by taking one from each set 

= « X J» X y to m factors. 

Thus suppose there are 4 companies, in one of which there arc 6 men, 
in another 8, iu each of the other two .9, then the number of changes 
that can be made by tiUdug one out of each company = tf 8. i). 9 = J888. 
201 
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PIPES, leaden and iron, weight of.-^(Gregwy.) 

Let / be the length in feet, d the interior diameter, and / the thickness 
both in inches and parts of an inch, W the weight in hundred weights ; 
then. 

In a leaden pipe, W = ,1382 Itf^d-^ t) 

In a cast iron pipe, W = ,0676 It^d^- 1.) 
PIPES /or canoeing Water. -^ee Fluids, pressure of. 
PLANE inclined.~~See Inclined Plane. 
PLANETS, Elements, S[c. of 

What are usually calied the eleo^ents of a planet's orbit arc in number 
seven. 

1. The longitude of the ascending node of the orbit. 

2. The inclination of the orbit to the plane of the Ecliptic. 

3. The mean motion of the planet round the son. 

4. The mean distance of the planet from the sun. 

5. The eccentricity of the orbit. 

6. The longitude of the aphelion. 

7. The epoch at which the planet is in the ^helion. 

Elements and general view of the Planetary Sygtemj^C LapUux, 
MasJeelynet Vince, Playfair.) 



Names 

ofthe 

Planets. 


Sidereal Pe- 
riods ofthe 
Planets. 


Mean dis- 
tances or ^ 
axes ofthe 
orbtts. 


Ratio of the 
eccentrici- 
ties to the % 
axes at the 
beginning 
O/1801. 


Mean UmgitudeA 
reckoned frona 
the mean Equi- 
nox at the epoch 
ofthe mean noon 
of Jem, 1, 1801, 
Greenwich. 


Mercury 
Venus ... 
Earth .... 

Mars 

Vesta .... 

Juno 

Ceres .... 
Pallas .... 
Jupiter .. 
Saturn... 
Georgian 


d. 
87.969258 

224.700824 

3G5.2563St 

686.979619 

1.335.205 ... 

1390.998 ... 

1681.539 ... 

1681,709 ... 

433^.596308 
10758.960610 
30688.712687 


0.387096 
0.723332 

1.000000 
1.523694 
2.373000 
2-6ff7163 
2.767406 
2.767502 
5.202791 
9,538770 
19.183305 


0.205514 
0.006853 
0.016853 
0.093134 
0.093220 
0.251^44 
0.078319 
0.24538t 
0.048178 
0.056168 
0.O16670 


0. ' " 
166. 0. 48.2 

11. 33. 16.1 
100. 39. 10 

64. 22. *7.5 
267. 31. 49 
290. 37. 16 
264. 51. 34 
252. 43. 32 
112. 15. 7 
135. 21. 32 
177. 47. :« 
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Names 

oftMe 

PlaneU. 


Mean longi- 
tudes of tkeFe- 
rtheH^JbrOe 
same epoch cu 
before. 


J 

imtlhkiHom of 

orbits to the 

Ecliptie, for 

Jan. 1, 1801. 


Longitudes of 
the ascending 
nodes on £A» 

Ecliptic, 
Jan. 1, 1801. 




0. ' " 


t ft 


1 It 


Mercury 


74. 21. 46 


7. 0. 1 


45. 37. 31 


Venus ... 


Wa 37. 0.9 


J, aa 3d 


74. 50.88.0 


Earth .... 


00. 30. 5 


©. 0. 


0. .0 


Mars 


332. 24. 24 


1. 51. 3.6 


48. 14. 38 


Vesta ..... 


248. 43. 


7. 8. 46 


171. 6. 37 


Juno ...... 


53. 18. 41 


13. a 28 


103. 0. 6 


Ceres .•••, 


14fi. 39. 39 


10. 37. 34 


80. 55. 2 


Pallas .... 


121. 14. 1 


34. 37. 7.6 


172. ^. 35 


Jupiter .. 


H. 8. 35 


1. IR 51 


98. 25.34 


Saturn... 


80. 8. 58 


2. 2». 34'.8 


111. Sfii 40 


Georgian 


197. 21. i2 


aMu26 


72. 51. 14 



Names 

ofthe 

Pumets. 



The Son 
Mercury 
Venus .M 
Earth ... 
Mars .... 
Ceres .... 
Pallas .... 
Juno ...... 

Vesta 

Jupiter... 
Saturn ... 
•Oeorgian 



Mean 
diame- 
ter in 
E 



Mean 

dist 

fh&m 

the 



863^46 

3224 

7687 

7912 

4189 

163 

80 

14S5 

238 

89170 

79012 

35H-2 



Misan 
appar. 
dtam. 
as seen 



English sun in\ir^;^ 



miles. 



87 

68 

05 

144 

263 

265 

252 

225 

490 

900 

1800 



82' 1".5 
K) 

56 



27 

1 

0.5 

3 

0.5 

39 

18 

3.5 



Mean 
diam- 
eteras 

seen 

from 

the 

sun. 



Appa- 
rent 

diam. 

of sun 

as 

seen 

from 

each. 



16" 
30 
17.2 
10 



37 

16 

4 



Diurnal ro- 
teUion on 
thetr 0wn 
axes. 



Jnclina. 
. tion of 
I axes 
to orbits. 



SO' 
45,7 
S2 

21,33 
...... 

...... 



6,15 
3,37 
l,6r 



25(214A8»iOf 82«44'0' 
1 5 28 

23 20 54 

1 .0 66 32 
24 39 22 59 22 



......•..».«... 



9 55 37 
10 16 2 



no near. 
60 prob, 



J 



"jm 
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Names 

of the 

Planet*. 



Sun 

Mercury 
Venus ... 
£arth ,»- 

Mars 

Ceres .... 
Pallas .... 

Juno 

Vesta^.... 
Jupiter .. 
Saturn... 
Georgian 



Place of 
ApheKa in 
Jan. 18U0. 



Secular 
motions 

of the 
aphelia : 
pro^res. 

stve. 



8*140 20'50" 

10 7 59 1 

9 8 40 12 

5 2 24 4 
4 25 57 15 

10 1 7 
729 49 33 
2 9 42 53 

6 11 8 20 
8 29 4 11 

11 16 30 31 



10 33' 15" 
1 21 

19 35 

1 51 40 



1 34 33 
1 50 7 
1 29 2 



Secular 
motions 

no 



1 
ides. 



10 12' 10' 



\Elon.- 

Gi'eaiest \gation 

Equation when 

of the sta- 

Centre, tion- 

artf. 



23* 10' 0" 180 00 



51 40 47 20 

I 1 5530.9 

4<3 40 10 40 40 
920 8 
28 25 



28 48 
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59 30 530 38 

55 30. 6 26 42 

1 44 351 5 27 16 



136 48 



Arc 

of 

retro- 

gra- 

da~ 

tion. 



115 12 
108 M 
103 30 



130 so- 
le 12 



16 12 



954 
6 18 
336 



Time 
of re- 
tro 
gra- 
da- 
tion. 



23 rf. 
42 

• •• 

73 



121 
139 
151 



Names 


Synodic 




Quantities 


Gravify 


Intensities 


of the 
Ptanets. 


revoium 
tion. 


densities. 


matter. 


on 
sttrfaee. 


of light 
and heat. 


Sun 




0,25226 


333928 


2n,i 


«••... 


Mercury 


WSd. 


2,5833 


0,16536 


1,0333 


6,25 


Venus ... 


581 


1,024 


0,88993 


0,9771 


2,04 


Earth .... 




1 


1 


1 


1 


Mars 


-iso 


X),6563 


0,08752 


0,3355 


0,44375 


Jupiter .. 1 :i99 


0,20093 


312,101 


2,3287 


0,036875 


Saturn ... 


378 


0,10849 


97,762 


1,0154 


0,01106 


Georgian 


370 


0,21805 


16,837 


0,9-iB5 


0,00276 



For the telescopic appearance of the Planet8-«#ee Telescope. 

PLANETS, disturbances occasioned by their mutual action upon each 
other. ~~( Plaiffair. ) 

The orbit of every planet, by the action of the oth^r planets, is chan- 
ged in all its elements but two ; the mean motion, and the mean distance 
from the (iun. Thus in Mercury and Venus the line of the nodes, thp 
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inrlinntion to the Ecliptic, the line of the apsides, the eccentricity, und 
consequently the g^reatest equation of the centre all vary. In Mars the 
eccentricity, the lines of the i^ides and nodes, vary by the action of 
Venus, the Earth, and Jupiter ; as also his place in his orbit, which is 
not the case with Mercury and Venus, in consequence of their nearness 
to the Sun. In Jupiter and Saturn, the place in tlieir orbit, the4notion 
or the apsides, and the change of eccentricity, are chiefly produced by 
their action on each other ; but in the disturbance of the inclination the 
other planets have a sensible effect. Uranus, from his great distance, 
suffers no disturbance in his motion hxA from Jupiter and Saturn. 

Two interesting results are obtained from the investigation of the 
planetary disturbances. L That both in the system of primary and se» 
condary planets, two elements of every orbit remain secure against all 
disturbances, the mean distance, and the mean motion, t. e. the trans, 
verse axis of tlie orbit, and the periodic time. 8. That all the inequali; 
ties in the pkmetary motions are periodical, and after a certain time nitt 
through the same series of diaages. This accurate compensation of the 
planetary inequalities arises from three conditions ; let that the ec«en. 
tricities of the ort>its are small ; 2d. that the planets all more in the sam^ 
-direction, t. e. from west to east ; 3d. that the planes of their orbits are 
i>at little inclined to one another. 

PLANET, time ofiUpcusmg over the meridiaHi^See Time. 

POLAR Seas.See 5«ff.s PiOar. 

POLYGONS regnlw, to find <*» ar6a of. 

Let 9 represent the length of one of the equid sides, n the number ef 

ihem ; then 

• ■« * r90n— I800N 
Area = *«Xjtan.( ^— )• 

Jlence the following Table :— 

Trigon = *« X 0.4330127 
Tetragon =r #« X 1.0000000 
Pentagon ;= « X 1.72W774 
Hexagon s t« X 2.5060762 
He|»t^OD -fix 3.6330124 
Octagon = « X 4.ft»t271 
Nonagon = «s X 6.1818342 
Decagon = *« X 7.6948088 
Undecagon = *« X 9.3056399 

Dodecagon ;^ ^ HU.19615t^ 

2«6 
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POPULATION, increcue o/.^C Bridge. J 

Of the method of finding the increase of population in any conntrr,. 
under given circurastanocs of births and mortality. 
Let P represent the population of a country at any given pjpriod ; 

— the fractional part of the population which die in a year (or ratio 
in 

of mortality i) -r- the proportion of births Id a year j then, if A repre- 
sent the state of the population at the end of n years, 

OrLog. A = Log.F+j»Xlog. (l^.!2^). 

Of the quantities A, P, m, b, n, any four being given, the fifth may be 
found. 

Ex. 1. SoppoM tlie population of GreafrBiatai% in the yevr 1800, to have 
been ten millions ; that j^ part die annually ] and the number of births 

are rg , and that no emigration takes place during the present century j 

What will be the state of its population in the year 1900 ? 

Here A = 22930000. 

Ex. 2. Suppose the population of France in the year 1792 to have been 
27000000 ; the ratio of mortality, during the 18th century, to have been 

^th, and tlie number of births sgth ; What waa the state of its pecula- 
tion in the year ITDO ? 

Here P = 16B&i39$. 

Ex. SL Suppose the populaticm of North America to have, b^n five 
millions in the year 1800 ; in how many yean will it amount to 16 mil. 

Ifons, taking the ratio of mortality at Trth, and the annual proportion of 

births at ^th ? 

Here n zn 60.3 years. 

Ex. 4. The population pf a province, in the year 1760, was estimatecl 
at 500000 persons; in the year 1800 H amounted to 72000Q persons ; from 

the bills of mortality it appeared, that, upon an arerage, r^th part ^ 
800 



1» ft E 

the population had died uinually ; no registi^r was kept of the trirths ; 
What was tlie annual proportion of them during that period ? 

Here 6 = 34.4. 

The annual proportion of births was about nrth. 
Supposed PopukUion of the World.-~( Enc. Brit. Suppl) 

Asia (with Australia and Polynesia) >»^«^.».>>^^».«^,>>^ 270,000,000 

550,000,000 

POWERS oftnmbers.'Sfe IfivtOution, 

POWERS MechanicoL-'See Mechanical Powers. 

PRECESSION of the Equinoxes.— C ^'oodhouse, Vince, Pla^airJ 

I. He mean annual precession = 50'',34, which girea nearly 1* for 
the precession in 71| years, or about 25745 years for the entire revoln. 
tion of the pole of the Equator round that of the Ecliptic The part of 
the precession arising from the action of the sun -= 15",3, that from the 
moon r= 35". If the effect of the sun bo reduced to 12",5; that of the 
moon will be triple of it, whicli is agreeable to the latest results deduced 
from the theory of the tides. 

The precession affects the situation of stars in Declination or North 
Polar distance, and in right ascension ; hence the following Formulae. 

Annual Precession in Declination. 
This = SC^SI X sin. obliquity X cos. star's R. A. 
Cor. When the right ascension (R. A.) is between OO* and 270«, the 
declination is diminished by the effect of precession. And when the R. A. 
is between 0* and 900, or betiveen 270^ and SGOo, the declination is 
increased. 

Annual Precession in R. A. 

This = 50",34 X (cos. I + sin. I X sin. star's R. A. X tan. star's decli- 
nation) where I = obliquity of ediptic. In this expression tlie first part, 
50",34 cos. I is common to all stars. 

Cor. The precession in R. A. is nothing when the angle of position is 
a right /I } it is also positive when that £ is acute, ai^d negative when 
obtuse. 

II. Precession Solar, ineqtudity of. * 
The mean annual precession has been stated at 50",34 } but it canoot 

have been equably produced. For the sun is sometimes in the Equator, 
210 
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when its force csnshig precession is nothinf ; at other times more than^ 
!^ ^taot, when its force is greatest. Henee the sun's actkm in prodo- 
cing precession must eontinnally vary from the Eqninox in March to the 
solstice in June. The correction due to this solar inequality is called 
the semi-annual 8<dar Equation. In omsequenoe of this solar inequali. 
ty, the pole of the earth describes, half yearly according to the order of 
the signs, round the place of the mean pole a drde whose radios = 

The solar inequality affects the precession of the stars in longitude, 
declinatiour and right ascension, also the obliquity of the ediptic ; hence 
the following formulas. 

EqtuUion ofprecemon in longitude. 

This = \", I X sin. 2 sun'b longitude. 

Substitute this expression for W^ in the above fn-mulse for preoes. 
don, and we shall have the eqnallMU of precession in declination and 
R. A. 

CorrtctUm of the oNifuify, 

This = 0",4S45 X cos. 2 sun's longitude. 

The variation in the obliquity of the ediptic arising from the sun, is 
called the correction of tlie obliquity; that from the moon is called' the 
equation of the obliquity. 

IIL Preoe$iioH,hmarineguaUtytf» 

The lunar inequality of precession is called Nidaiionf to distinguish it 
from the solar ineqndity. In consequence of the lunar action, the true 
p<^ of the earth describes about the place of the mean pole, in 18 years 
7 months, contrary to the order of the signs, an ellipse of which the ma- 
jor axis =z 19'',2, and minor axis = 15". 

The nutation affects the precession of the stars in longitude, decline, 
nation, and R. A. hnd alsotiie obliquity of the ecliptic ; hence the follow- 
ing formulas. 

EgttaUon of the Eguinoxei in It. A. 
The variation in the pKcession, or in the equinoctial points, usually 
eaUedfte Ji^moMsfi of the Eguinosesin R. A, is 

Yl"^ dn. longitude moon's node. 
TOb aflbets the kmgitnde of all the stars equally. 

Nutation in declination. 
-Let A be the R. A. of a star, D its declination, N the longitude of the 
moon's node j then nutation in declination =- # 

I'M sin. ( A + N) -I- 8",5 si& (A - N). 
811 M 3 



StOaiiimaM Bight AusentuoL 
This t= ^'Jaim. dec cos. (N — jA) + ^"*l ten. dec oot. (N ^. A) aod 
if to this be added tlie eqnatiai «f the e^pEdnoKes. the whole effect of 
nutation will =1 

4- 8,"5taii. dec cos. (K — A)^ 1",1 tan. dec cos. (N4. A) 4. 
17", 2 sin. N. 

Equation of the obUquity, 
This = 9",63 cos. N. 

PRESSURE cf Earth agaimt fotOt.'^-JSoe Earth, premure of, . 

PRESSURE ofFluidt.^See Fluids. 

PRESSURE, centre af.—See Centre, 

TKl8^.^^ee Refraction. 

PROGRESSION, Arithmetical, Geometrical, and Harmonical. 
I. Arithfnetical Progression. 

AH the cases of Arithtnetlcal prngaeuAoo. may be solved by the folloTT^ 
ing formulae :— 

1. Let a =. first term, I =■ last, b = ccnmiiMi difference, n .-= number ot 
terms, s = sum of the series ; then 

Of the quantities a, I, b, n, any three being given, the other may lie 
founds by the equation 



2. Of the quantities a,b,n,s, any three being given, the other may be 
found by the equation " 

3. Of the qiiantlties a, I, n, s, any three being given, the e^er may b* 
found by the equation 

« = (« + 0.f' 

II. OeomeMetd Progression. 

1. All the cases of Geometrical Progression may be netted by ttei(4^ 
lowing formulee :— 

Let a = first term,-; =: hi8t,r =: oonmonivtio, •> s »gniber«f terms, 
s = sum of the series ; then 

Of the quantities a, I, r, n, any three beirig gireDj the other may be 
found by the equation 

• _ n — V 

• s ar 
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•9. Of tiie qnaatltieB c^ r, n, «, any ttne hting given, the other Hay be 
Sotmd by the equation 

or* — » 
*= r-1 • 

3. Of the quantitlei a, /, r, i, any tiiree ^elng g^ven, the other may be 
found by the equation 

4. When n, or the anmber of tenie is infinite, then of the quantities 
^, r, s, any two being given, the other may be found by the eqnatton 

a 



* = !• 



« = 



n^* 



III. HarmonieeU Progrestion. 

1. Let a, 6, e be in Harmonical Progression j then a I c V, U'^bl 

2. Let a, ft, c, &c be as before, then 

— , Tf "> &C. are in arithmetical progression. 
a c 

S. Let a and 6 be the two first terms Of an Harmonical Progression, t« 
continue the series. 



'•»*'' 2a-*' 3^::rtV 4a-Sft* •^ 
4 To find an harmonic mean (x) between two qnaBtflies a and A. 



;r= 2«ft 



5. If between two qnantitfes a and b, an hannonie mean 4r, and ss 
jurithmetical mean y, be inserted, 

a : « :: ^ : 5. 

0. If between two quantities a and b an arithmetic mean x, a geome- 
tric mean y, asd an harmonical ;r, be inserted 

X : y :: y I ». 

7. If a fourth proportional be found to three quantities in Arithmetical 
progression, the three last terms are in Harmonical progression 

PROJECTILES in a vacuum.^ Whewett.) 

FormulsB for finding the range, altitude, and time of flight, of bodies 
l^rqjected along planes inclined to the horizcm. 

1. Let r = range^ A = ^eatest attitude, t = time of flight, v = vein* 
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^iy of prc^ectioii, h = height due to this Tdodty, « ss ^.of pr^eotioa 
above the horizontal plane, i = elevation of the plane above thehori- 
son, g =i 2Si% feet ; then we have the following equations. 

— ^^ rin, (» — <) eoe. a _ * r si n. (» — <) cos. $t 

g 006.S< 006.1^ 

A — ^ Bin.s(»— <) _ . 8ia>»j[»..— i) 

~" 2^ * COS.*' ~~ COS.* J 

_ 2jp_ sin, (•f-i) _ fJlE. 2 8^°- (*— •«) 

"" ^ ' COS. t ^ g ' COS. I 

2A 



Greatest range = r— ; — -. — 
^ 1 -f sin.< 



S. lyhen t^oi r will be the horizontal tttage, and the above e^uar 
.tioDs will become 

r = ~ . sin. 2«r=2A8in.2#. 
es 



A = -s — . sin.1 » =r A 8in.s «. 
2^ 



# = — —.sin.* 



= JI^. 



g 



2 8in. «. 



Greatest range =: 2 A. 

3. Hie carve described by a prqjectile is a parabola, the principal p^ 
jrameter of which = 4 A cos.' «, and the velocity at any point is that ac- 
quired by falling from the directrix. 

4 To find an equation to tiie curve, re- 
ferred to horizontal and vertictU oo-ord^. y p. 
juttes. 

Let ABsjr, BC=^, <s= any time ; 
then 

X^Vt COB. Ck 



A. B 

Sf=pt sin. a — ~^ and eUminating t 

S/ = x tan. « — ^ 




2 r« COS.* « • 
the equation to the curve. 

Cpr. 1. If, as before, h = -|i-, 

2g' 
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y — x tan. a — r-r =— . 

Cor. 2. To find where the curve meets the horizontal plane, we must 
puty = o, /. X tan. « — j-r y— = o, .*. x = 4 A tan. « cos.* « = 4 A 

. ^ ^* A COS." » 

sin. 0B C06. « = 2 A sin. 2 ce, which agrees with Art. 2. 

Cor. 3. If v does not enter the conditions of the problem, we have, by 
eliminating V, 

p =:x tan. « — •£— -. 

Cor. 4. To find the / which the curve makes with the horizon at any 
point 

Let ^ be this angle, tan. ^ = -r^, and differentiating the value ofp, 

o X 

tan. d ^= tan. tt — ^ . _ . 
^ 2 A cos.« • 

J?x. I. Let abody be projected from the top of a tower horizontally with 
a velocity acquired in falling down Its height ; at what distance from the 
base will it strike the horizon ? 

y=.xtan..-5^^. 

Here if a = altitude of tower, y = — a^ » = 0f and m z=.2 ga, /, 

— a = — -. — , and x = 2 a. 
4a 

Ex. 2. A body is projected at an ^ of 45*, with a velocity of 50 feet per 
second ; find its horizontal range. 

y — x tan. « — r-^^ ^x— . 

^ 2 r« (COS.)* « 

Here « = 460, o = 50, .', when y = o 

_ 2500 
*~ g ' 

FjX. 3. A projectile is thrown across a plain 120 feet wide, to strike a 
mark 30 feet high, the velocity of projection being that acquired down 
80 feet i required the {_ of projection. 

y — X tan. « — T-r; ^r-- 
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Here y = 30, j? = 120, »« = 160 g, .*. 

3 



1=4 tan. a — 



2 (cos.)* « 



.*. (tain.)« « — -3 tan. « = — — , 

5 
and tan. » = 1 or — , and ec, = W. 

£j;. ♦. A body projected from the top of a tower at an ^ of 45o above 
the horizontal direction, fell in 5" at a distauce from the bottom equal to 
its altitude ; required the altitude. 

y = x tan. « — -^j-. 

Let a = height, then « = 45®, < = 5, andy = — a, 

.*. — o = a tan. 45» — "I. 25, 

/. a = 200. 

PROJECTILES, retistance of air to.'— See Gunnery, 
PROJECTION, principles of.^f Vince.) 
I. Ortfiographic Prc^'ection. 

1. The figure of a straight line is a straight line in the projection. 

2. The figure of* the projection of a circle is an ellipse, of which the 
minor axis is the cosine of inclination of the circle to tlie plane of pro- 
jection. Hence if the circle be parallel to the plane of projection, the 
prqjection will be a circle equal to it If the circle be perpendicular to 
the plane of projection, the circle is projected into its diameter ; any arc, 
reckoned from its intersection with the plane, into its versed sine ; and 
the remainder of the quadrant into the sine of that remainder, or into 
the cosine of the first mentioned arc. 

a In this projection the area of the cirde : the area of the ellipse into 
which it is projected : : radius : cosine of inclination of the plane of the 
body to the plane of projection ; hence the area of the circle will be di- 
minished in the ratio of radius '. the cos. of this inclination. And this is 
true whatever be the form of the projected body. Also the projection 
is not similar to the body. Hence equal parts upon tiie surface of a 
sphere will not be projected into parts either eqiul or dmilar. 

This projection is not convenient for Biaps, but is used in the con- 
etraction of solar eclipses. 
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il. Steredgraphie Prtifection. 

1. The prelection of an arc, measured from the pol6, is eqnal to the 
tangent of half that arc. 

2. The projection of every drde is a circle. 

d. The projection of all circles parallel to the plane of projection will 
be concentric circles, the radii of which are the tangents of % the dii. 
tances of the circles from the pole^ 

4. The projection of ey6ry great circle passing through the pole is ai 
straight Une. 

5. The radius of projection of any other great circle is the secant of the 
angle between the plane of the circle and the plane of projection. 

From these Arts, it appears, that the projection of the parts of the 
Sphere will not properly represent, in magnitude and situation, the parts 
themselves. 

6. If the place of the eye be the pole of the eartii, the meridians will 
be projected into straight lines (Art. 4) ; and the parallels to the equator 
will be projected into drdea (Art 3). This is called the Polar Prqfec- 
tion. 

7. If the eye be placed in the equator ^ distant from the point from 
which the longitude is reckoned, the projection of the radius of any me> 
ridian will be the secant of its longitude (Art. 5). And the radius of 
projection of tlie parallels of latitude is the cotangent of their latitude. 
This is called an Equatorial Projection. 

Tlie stereogri^hic projection is chiefly used in delineating maps of the 
world. 

III. Mercator's Projection. 

1. In this projection the meridians are parallel lines, the degrees of 
longitude are all equal ; the parallels of latitude are also parallel lines, 
but unequal, a degree of latitude being to a degree of longitude :: rad. 
: COS. latitude, and .% the lengthof a degree of longitude being constant, 
the length of a degree of latitude will be inversely as the codne of lati- 
tude, and wiU /. increase in going towards the pole. 

2. To find the length of tiie meridian on this projection for any num- 
ber of degrees of latitude. 

. Let z = required length, r st eM:th*8 radius then 

^ . , cot i comp. latitude 

* = f X n. L — " ■ ■ . 

r 

If .*. we take the latitude s 1*, 2«, 3o 90» we can conitract a 
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Table shewing^ the length of the meridian ontlie prelection for erery de« 
gree of latitude ; ip IUm maon^it^nayvbe^constrncted for erery miufite^ 
Such a table is called a table of Meridional Part*. 

This projection is of grent-we )n nM^timi, on account of its being 
consti;ucted by eight Mnes p^iy i tiie rhumb lines or lines of azimuth be- 
ing also straight lines. 

Suppose for example a ship wants to go from any place A to B laid- 
down upon Mercater's maPs ai^ it .is re<][uired to find the rhumb or point 
of the compass it must sail upon ; we have only to join A B, and that i» 
the rhumb. Now to determine what rhumb this is, there is always in 
these maps one or more points, from which are drawn S2 straight lines, 
representing the 32 points of the compass. Apply .*. one edge of a par- 
allel ruler to the line A B, and bring the other edge over the point from 
which tlie lines of the compass are drawn, and it immediately gives the 
direction in which the ship must saiL 

PULLEY. 

1. In the single fixed pnUey, there is 9fi ^efoUibrinm wben4he power 
and weight are equal. 

2. In the single moveable pulley whoee strings are parallel, P : W : : 
1 :2. 

3. In a system where the same stxing passes round any number of pnl- 
liesj'and the parts of it between the puUies are parallel, P : W :: 1 : n, 
n being the number of strings at the lower block. 

' Cor. If we consider the weight of tiie pullies, it is only requisite to add 
the weight of the lower block j hence if a be this block, 

W = »P — * 

4. In general in the single moveable puUey,.P : W i: rad. • 2 cosine of 
the angle whioh cither strimg jnakes with the direction in which the 
weight acts ; or : : sin. j^ angle which the iwo strings make with each 
other : sin. of the whole angle. 

5. In a system where each pulley hangs by a separate string, and tiie 
strings are parallel, P : W ;: 1 : SF> where a is the number of moveable 
pullies. 

Cor. 1. Hence W =2** P. If the weight of the poUies be taken into 

the account, and a = weight of each, ^=2** P-. a (2* —1); hence the 
weight W is less afi a is greater. 

Cor.2. When the strings are not paraUal. P ; W;;(radJ** : a*X 
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"COS. m X COS. fi X eoe. y &c where «, /3, 9/, &c are the angles which the 
«teiBgB make with tlie direction in witich the weight acts in each case. 

6. In a system of n pullies each hanging by a separate string, where the 
Jtnngs are attached to the weight, P : W : : 1 : 2^— 1. 

Cor. Sappoeing the weight of each poUey = a, tken ^le part of the 
weight sustained by the puUies =a X (2** » n -- 1) ; and .'. W = 
(«» — 1) P + (2» — »— 1) al 

I^ULLEY, on the ascent or descent of bodies over. 

1. If two bodies P and Q ve connected by a string and hung over a 
fixed pulley, the accelerating force, supposing P the heaviest, is ^ X 

?"^Q. Substitute this for F in the fimrmulse for tlie rectUinear descent 

4>f bodies (see Motion J and we get 



* 


-p+0^ 


2 • 


* 


_P+Q . 
-p-0 + 


m 
2g' 




2. If two bodies P and are connected to- 

g^ether by a cord going over a fixed pulley, and 

.one of them.Q deMfead» dcmtn an inclined 

plane, we have the moving force of Q = Q X 

H 

=- i hence the moving forde ct Q WVfen ctfn. 

±j 

jiectedwithP = -8iL,^p= ^ , "^~'^^ and aoceteimtiiig foite = 

^ QH — PL 

tXP+0 

PL OH 

If P draws up Q, accelerating force = g' X -= — t which nray 

be substitnted for F as in the last Art 

Let both bodies P and Q move upon inclined 
planes, whose lengths are L and I respectively, 
and having a eommon altitude H, and let Q be 
Jke descending body ; thefi moving Ibrce of Q 
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P H 
^g^ p = --=-— ; /. the moving force of the system =: 



^Q~/^- X H, and accelerating force of Q = «^ X ^^ ^Z^^^ * 
which may be substituted as before. 

PUMP. Air Pump. 

1. If ft represent the capacity of one of the barrels, and r that of &e 
receiver together with the pipes an4 gages connected with it ; then the 
quantity of air extracted after every torn : the quantity before that turn 
: : 6 ; 2 6 + r. And the quantity left in : the quantity before :: 6 4. «» 
: 2 ft + r. 

Cor. Hence If P represent the quantity of air in the machine before the 
first turn, the quantity left in after n turns is 

^' \<2b+rJ • 

/• ft 4- r\ ** 
And the quantity exhausted is P — P. ^ 2ft+r J ~ 

p (2ft4-r)«- (ft+r)** 
(26+r)*» 

2. The density of the air in the receiver at first : the density after i 
turns:: (2ft + r)* : (ft+i')^- 

a "When the density of the air is diminished in the ratio of i> : I> the 

*_ log. « 

number of turns t ^ — — ■' - 

log.2ft+r — log. ftrfr 

4 As the air is exhausted, the mercury will rise in the gage, and the 
defeets of the mercury in the gage from the standard altitude, after eacli 
successive turn, form a geometric series, the ratio of whose terms is 
2 ft + r : ft + «*• And the ascents of the mercury at each successive turn 
form a geometric series, the ratio of whose terms is2ft4-r:ft4-r. 

PUBIP condensing, or eondemor. 

If ft represent the capacity of the barrel of the syringe, and r that of 
the receiver, then after t descents of the sucker, the density of the air 
in the receiver, will be to the density at first in the ratio of r + / J : r. 

PUMP, common or mcking. 

1. In the common pump the fwce necessaryto overcome the resisianoe 
experienced by the piston, in ascending, is equal to the weight of a cc 
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*lmiitttrf walfep, hsvinf thesaana bttseas the tiiatdii, wki ao attitiiatfeqiiil 
-^to that of thMOefoce oftlia watar in thebody of t]i»iiKunp«boT« that ki 
the rwenroir. 

2. In a saddng puhp, if the height of tiie lower or fixed ralre abore 
tiie sorflBce of the water = (^ the length of the stroke of the piston = b, 
and the height of a column of water in eqnilibrium with the pressure of 
the atmosphere = h, the height to which the water is raised hy the 
first stride is 

2 

3. T%e same notationliefaig retained, and c being pot for a 4^ ft or the 
greatest hei|^ to wldeh the piston ascends, b must be greater than 

•^T- otherwise the water will not rise aboire the piston. 

4. Height to wblch water will rise in a racamn in different states of 
-ihe barometer. 

Barom, in iwAes. MeigM ofwUer in feet. 

3Rly *i0t»t«»t0»»iM*t0fitm0immtnt>r*r»»»it»0» m o. 33.3D 

Hence theyalre of tiie piston in the common pnmp mnsf be nearer to 
"the sorfiBceof the water in the reservoir than 33 feet, otherwise the wa- 
ter can never rise ftbove it 

PYROMETER, Wedgwood's, for meamrinffveiy high iemperatures. 

The scale of this Pyrometer, or the point marked commences at red 
heat fttUy visible in day light, and is equivalent to 1077J0 of Fahrenheit's 
scale, and one degree of the former is = 130» of the latt&r. The extre- 
mity of Wedgwood^s scale is 240o, but the highest heat he measured with 
it is 160O. It appears .*. that this pyrometer includes an extent of about 
32000 of Fahrenheit's degrees, or about 54 times aa much as that between 
the boiling and freeing points of mercury, by which mercurial ones are 
naturally limited ; that if the scald be produced downward in the same 
manner as Fahrenlieit's has been siippoeed to be produced upward for an 
ideal standard^ the freezing point of water would fall nearly 8o below 
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•f Wedgwood's and the ireBting point of mercory a little below 6), and 
that there are 8« flrom the freeiing of water to fall ignition. 
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QU ADRATRI2^ of Dinottratet, Equatum to. 

y >/ fi'Zli' = » (r — x)t where r = radius, and * the sine of the circ. 
pxct by the help of which the cprre is generated. 

The radios of the generaling cMrcle is a mean proportional between tha 
quadrantal arc and the base of the quadratrix. 

If with the base of the quadratrix as radios, there be described a qua- 
drantal arc, this will be equid in length to the radius of the generating 
circle. 

QUADRATURE of Citrves.^See Area. 
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RADIUS vector ofaplanet*9 or6tf.— S^e Anomeify. 
RAIN, quarUUy of at different placet. 
Mean annual quantity of rain for 30 years, as observed at the apartment* 
of the Royal Society. The gage is placed lb feet 6 inches above the 
ground. 



Ybars. 
1790 
1791 

1785 
1796 






1787 

'Hi 



Inches. 
16.0&2 
15.310 
19.489 
17,128 
18.466 
16.8&1 
14.779 
82.697 
19.411 

]9.ees 



Ybars. Inchbs. 

18UB «i»<i»w<»»»«<w« « »iw>*»»w» ItLwiO 

1809 t€ifKtfr*i > ntfMftfrf tCVttH 
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Years. Inches. 

1810 and 1811 <«MM«M — 

lolS »inti*i»r»it » K w nowwww^ 1CL9W 

IOmS wtWMMIMIMMIMMMIMIMI AO UD3 
mid «I«MWIMMOTMIM<MMM<MM IXmWXi 

lolv 'f*<f**»>fiiim0H0>i>t>nffi0f* 19.1 '4 



YeAES. iNCREfl. 

1817 W<WIW«l>W0<l»OOMlMW«H^ luj890 



*t>0iti0 n >rt>t:f0»>t>mM»*> » 



1819 

I 



ia727 
1&381 
2a567 



Avorage of tho SO years t»»»*MWMw»»>»»i>»«>»w»>»w«»<w«»» 17.548 
Greatest mean quantity during this period 23.567 

ilf«an fuanii^ 0/ ram for eadk month during the aioee period of 9D 

jfeort. 

Inches. 



January «»*»t»^t»ffrf* 1.253 

February »»»»<»»i»»»i»*» 1.004 

April if»imtii M i f i M »**»t***» i.siHr 

Juay »»»«w»<»<»«»»»*«>»o»iww« i.v/D 

wUne •VW«IMIM(MWIM!IMWM^«# 1.4)11 



July m^owtwiwtw Mw oxwww* 

sjeptemDer 't* * ** * ** * * * * 
(Jctooer »««««w»»*i«»»»»»»«»w 
Noyentber ^t^^f^t - f**** 
Blecember 



WH^WtWWOWI^WI 



iNCHBfti 
1.9» 

1.460 
1.564 
1.712 
1.965 
1.520 



It appears from observation, that the quantity of rain, as shewn by 
two gages, is not materially inifluenced by the height of the places above 
the level of the sea, provided the heights of the gages above the ground 
are equal ; but it is a singvdar fact, whidi has not been satisfootorily ac- 
counted for, that it is very considerably affected by the height of the 
gages above the surface of the earth, though all other circnmstaaces are 
the same. This will appear by a comparison of the following results, 
given in the Philosophical Transactions. 

Quantity of rain observed by Mr Daines Barrington, for upwards ci 
four months in 1770, as shewn by two gages, the one placed upon Mount 
Rennig, in Wales, the other on the plain below at about half a mile die- 
tasA ; the perpeqdicu)ar height of the mountain being 1350 feet, and each 
gagp being at the same height above the surface of the ground. 

Inches. 
Bottom of mountain tMif^**** * ****^**!***^** 8,766 
Top 01 mountain »>»i«kxi»i»w<w»w<ww<«»w h wii»»»w»<»iii cxlo5 

Quantity (»f rain observed by Dr Heberden, from July 7, 1706, to July 
7, 1707, as shewn by three gages, one placed below the top of a faoose, « 
second upou the top of a house, and the thir4 ap<Ui W^tmioster Abbey* 
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Inches. 
XAWCStflCiB p»*»t»t »w ti» *» » t ) M 00* Mp» M000*» 88.608 

Mittillfi {Sj[ft 0^*»ttmfmnmrm0*nimnmtt'0t» tm 0»4 18.139 
Xllj^68t «>«<I»IW«W>WI»*»« WWI»WM»WW»»W H »lWW»IWWIWW> 12.099 

Hie same resiiltwar obtained from tlie two gBgtiB bdongingr to the 
Boyal Sodety^ tiieone plaeed75 feet 6 inchesfabore thegroond^ ^be other 
m few feet distant from the other and 11 feet€ inchee lower. 

Metm ammatgtumHtgTiff ratn, a$ thewn tty the two gages. 
Tbab. Lower gage in- inches. Rkoau. 

TkMe fhcts should be attended to, in order to prevent any inaconntte 
«ondwl<Hi8 from » comparison 'of diffevent gages. 
Estimate by Hoaboldtof the quantity of rain in difEermtlfttitades. 

La^iude. Sng. inches. Latttttiei Sng. inches. 

Professor Leslie has given the feUowing empirical role fbr the annusS 
jte pe a lt of rain and dew in any latiinde. 

Quantity = 75 (1 — sin. lat) -f 8 =; depth in inches. ' 

A fm u m l faU of ram ut digoron* places, according to Dalton and others. 

^ Young's Nmi. Phil. J Inches. 

Gstanada, Antilles 126 

Cape Francois, St Domingo 120 

Calcutta 81 

Bombay 64 

ChadertMrn 50.9 

ttsa 4a8 

Rome 90.0 

Venice 96.1 

Padua 315 

Zurieh 33.1 

Madeira 31.0 

Leyden . . ^ ^ 908 
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Hague : ; 28.4 

Algiers ' . 27.0 

Utrecht 24.7 

lisle -. 24.0 

I>abli]i 22.3 

Edinburgh .82 

Berlin 20.0 

Petersborgh ......... 17.3 

Upsal 16.7 

Keswidc, Comberiaad, 7 yeacs 67.0 

Kendal, Westmorland, 25 years 53.9 

Garsdale, Westmorland, 3 years .... 52.3 

I^anqaster^ 20 years ....... 39.7 

Townley, Lancashire, 15 years . . . . 41.5 

Dover, 5 years . . , . . . . 37.5 

lirerpool, 18 years ....... 34.4 

Manchester, 33 years 36.1 

Bristol, 3 years ........ 29.2 

Chatsworth, Derbyshire, 15 years .... 27.8 

Barrowby, pear Leeds, 6 years ..... 27.5 

Fyfield, Hampshire, 7 years 25.9 

Norwich, 13 years ........ 25.5 

Lyndon, Ratlandshire, 21 years 24.3 

Near Onndle, Northamptonshire, 14 yean . . 23.0 

South Lambeth, 9 years 22.7 

Dalton's mean for all Eng^d . . . , . 31.3 
Dalton's mean, for rain and dew together, for all 

England . 96.0 

M. Cotte*s mean'annual quantity of rain falling at 147 

places from N. lat. no. to 6Q0 34^7 

The superficies of the globe consists of 170,961,012 square miles ; sup- 
posing therefdune that tiie miean annual quantity of rain for the whel* 
globe to be 34 in<^efi tto quantity of rain faUing annually will amoonl 
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to SGUOwliat more than 91,751 cubic miles of water, which must be sap. 
plied by evaporatton from the surface of the earth and seek.'— See Eva- 
porcMom The dry land amoonting to 52,745,253 square miles, the quan- 
tity of rain falling on it will amount to 30,960 cubic miles. The quantity 
of water running annually into the s^ is'estiihated at 13,140 cubic milea, 
a quantity of water equal to which must be supplied by eraportition from 
the ^ea, otherwise the land would be soon completely drained of its 
moistore. 

The area of England and Wales = 46,450 square miles, taking there- 
fore Dalton*8 mean at 96 inches, we shall have the annual' ^ukntity of 
rain aiid dew falling inr England' and Wales = 28 cubidttU<Mi> of water. 

1. if 8 ray of light refracted into 8 sphere, ebutgB from ifraftfer any 
^yeil Biimber of reflections, to find the aii|^ oontained- between the di- 
rections in which it is incident and emergent 

Let f and f = angles of incidence and refraction, p = number of re> 

flections, theii the deviatloii, of incUnatito of the emergent to the ind. 

dent ray is 

8 ^.2 (p ^ 1} ^ or 2 (p + 1) ^ — 2 ^ 

Cof, fo the primary rainbowp = ]« .*, deviation =s4^— 2^;inthe 
Mocmdary bow p = 2 ; .*. deviation = 6 ^ -* 2 ^, or its supplement 

2l The rays of any colour will fall most eopionsly on the eye, when 
the rays emerge parallel, in which case only they are efficient 

8. When rays emerge paraliri, the increment of the angle included bfr> 
tween the incident and emergent rays = 0, and tangent of incidence Z 
tangent of refraction :: p 4. 1 : ]. 

C&r. Henco it is easy to shew 4hat if the nMo 9t rafraotloA = m, 
/<fi t — 1 
^*='^^5T2?- 

Ejf. 1. If the pencil be parallel red rays incident upon a sphere of wa- 
ter, and suffer two refractions and one reflection, as in the primary bow, 

ff» = ~, and j» = 1 .*. cos. ^ = v -^ when the rays emerge parallel* 

or ^ s 59*. 23' ; also ^ = 40*. 12' ; .*. deviation, or angle between the 
inddent and em^gent rayt , = 4 ^ — 2 9 = 42®. 2f. 

When the violet rays are thus inddent and emei^ent, f = 58*. 40^, ^ 
i=39».24', and deviation =40».16'. . 

£jf.2. If the pendi be parattct red raye inddent upon a sphere of wa. 
ter, and soffw two vefraotion» and two reactions, as in the secondary 
3kew, p=^wad :, when the ray» emerge jMoailel, f s 71* 50'; ^ ^ 
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450. 27% ,\6^''^2p^ IS9«. £', the fiuppleawnt of n^cb^ or the Mtia^ 
tion, = 50«. S». 

When violet rays are thus inddent, ^ = 7P. 26^, ^' = 44/^. 4/7', And tiie 
deviation = 64» ICK, 

4. Ck>a8triietio¥t«f<M)epi^inu^ and seiHwdary ^Rainbow. 

The red rays -we have «een 
are efficadeus when the / 
•between the inddent and 
emergent rays = 4S9. 2% and 
the violet rays wbea the 
same ^ := 4Sfi. 16^ i henoe if 
H Q be .the hori^^ S, S', 
S" rays proceeding from .^e ^ 
sun, O the eye of the spec- 
tator, and the 2^ P O R ( n 
/ S" R O) be taken = 42» 2' 
the drop R will transmit the 
red rays to the eye ; and if 
P O V (= S' V O) be taken = 40to. 16* the drop V wiU transmit the violet 
rays. The drops betwixt R and V will transmit to the eye tiie other 
colours in their proper order. 

If O R and O V revolve aboat the axis O P, every drop of water in 
the surface of the cones thus described will respectively transmit to the 
eye a small parallel pencil of red and violet rays ; and thus a red and 
violet arc, whose radii (measured by the angles which they subtend at 
the eye) are 4^. 8', and 4ffi. 16' respectively, wiU appear in the fallin^r 
rain opposite to the sun ; and the same may J>.e said of the other o^urs. 

The parallel pencils of red &e. rays 
which emerge from other drops fall 
above or below the eye. 

The secondary rainbow is formed hj 
two refractions and two reflections. 
In this case, as we ha^ seen, Ulfi vio- 
let rays are eflBcadous when the ^ 
contained by the inddent and emer- 
gent rays = 54^. KK, and the red 
rays when the same / = 50». SS*. 
Hence as in the primary bow, if / 
P O V = 54o. KV, the drop V will trans, 
mit the violet rays to the eye | and if FOU = 50». ^ Hm irop R wiB 
transmit the red rays. 
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kencfi Ute coU>ara in tiie two bows lie hi a contrary order, the t^gd 
forming the exterior ring of the primary, and the interior ring of tbit 
secondary bow. 

5. To find the altitude and breadth of the rainbow. 

In the primary, the altitude of the higliest point of the red ard :^ 4S^. 
2' — sun's altitude ; and of the violet = 4fP. IG' -.. sun's altitude. Hence 
the breadUi of the bow, supposing the sun a point = lo< 46' ; this breadth 
must, howeyer. Be increased by S^y the sim's apparent diameter, and .% 
the true breadth = 29. 1&, 

In the same manner it may be shewn that the altitude of the Itigiiest 
point of the secondary = 54fi. W — sun's altitude; and breadtii = Sfi. 42^. 

Cor. When the sun is in the horizon, the altitude of the bow is equal 
to its radius ; if the sun's altitude equal or exceed 4S9. 2*, there can be no 
primary bow ; and if it equal or exceed 54^. KV, tiiere can be no seeon. 
dary. 

6. Given the radius of an arc of any colour in tbe primary rainbow, to 
find the ratio of the sine of incidence to the sine of refraction, when rays 
of that colour pass out of air into water. 

The radius of the arc2= 4 ^ -^ 2 ^ ; let the tangent of 3 ^ "^ ^» half 
this angle, be a, k the tangent of ^ ; then 

2««— 3d** — a = a. 

The value of z being thus obtained, the angles ^' and ^ and conse- 
quentiy their sines may be found from the tables. 

BECIPROC ALS of numbers.— -See Involution. 

RECIPROCAL SpiraL^See Spiral. 

RECTIFICATION of Curves. 

Let z = curve, x and y the abscissa and ordinate ; then 



z=:fL. 's/dx* + dff* = fL.dxA/i^ ^. 

Ex. I. In the sendcnbical parabola, where a jr* =:^, 

„_ (9y + 4a) j. 8a 
27 a J 27 • 

2. In the common parabola, z =2 -^-T X (5^ + b'^r + 1 ^ 



xh.i.ic±-4«^+il. 

9 
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S. In ft circular arc, whose taofABt is #, 

So* *^ 5a* 7a» *^ 
For rectifica^on of Spirals— Me SpiraL 

REFLEXION m Optic$.~-CCoddington.J 

1. Reflexion at plane $wrfaces. 

1. To find the direction in which a ray of Ughi^ emaiiatiiig from's 
given p<rint, takes after reflexioii at a p)aae mirror. 

liCt the ray proceed from a point Q, and ft perpendicolftr Q C he drawn 
to the surface of the reflector, and let the ray after reflexion cut Q C 
produced in ;; then will Q and 9 be on opposite sides of C, and QC will 
rrCq. 

S. To find the same when the ray is reflected ftltemately by two plane 
mirrors inclined to each other at any giTen angle. 
Lek^ be the/ of inddenoe at the first reflexion 

A second 

^ »*'* 

» 

4 Ihe indination of the two mirrors j then we shall have this series 

of equations, 

-? = ' 



^- 


% = 


t 




%- 


f = 


t 




• 


• 
• 
• 






*.- 


n 


(n. 


-1)* 


n 


*,- 


(n. 


-1)1 



or 

If now ^ be any multiple of /, as (n — 1) h ^^ "hall have somewhere 
= e, Le. some reflected ray will be perpendicular to one of tiie mirrors, 
and tiieseol course will end the series of reflexions. If^benotaraol- 

tiple of I, seme value of n will make (11— 1) 1 greater than ^ and then f 

' n 

win be negative. This shews that the ray will at length be turned back 
upon itself in a direction contrary to vthaA it at flrst proceeded in. 
To find the angle between the Ist incident and last reflected ray, let 
8S9 N3 
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g represent Hhe first incident ray and 9> g ...... the rays after the 1st, 8^ 

3d, &c reflexions, and let the ^*8. betvreen them be denoted by {g g,) 
(9 g) &c and we shall hare 

'n' = <? <s = — %., 'l+x = ' ' 

, and (99) = 2 » /, provided m be an odd number. 

Also (g g) =2 ^ -~2( 
(g ^) =i 2 ^ — 4 i 

{g y) = 2 ^ — (2 w — 2) i 
1 2m ' 

II. Hejlexion cU spherical tiirfaces. 

1. Rays meeting in a point being inddent on a spherical reflecting mir« 
face } to determine the directions of the reflected rays. 

Let r =' radius of the surface, g and ^ = distance of the foci of ind- 
dent and reflected rays from the centre of the reflector, then when the 
incident rays are nearly coincident with the axis, 

1 = -+-. 
g' g ^^ r 

fl 

If 9 is inflnite, or the rays parallel, 
1 2 _ r 
g r ^ 2 

Hub is technically called the principal focal distance of the reflector, 
and if we call it/, we hare/ = -j* <^^ •*• ^7 substituting in the first 
equation, 

9 9* f 

These formulae may be obtained in another form, which is often more 
convenient, thus :— 

Let A and A' = distance of the foci of incident and reflected rays from 

112 
the surface of the mirror, then -> + -r- = -; ; r being negative if tb» 

A A r 

mirror be convex. 
If A is infinite, or the rays parallel, 
1 2 . r 



-=--,orA' = ^=/ 
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«nd .*. asl>efore 



_1^ 

A' 



+ A/ ~" jT* 



Cor. If E be t)ie centre of the mirror, Q and q tkefociof inddaat.anA 
reflected rays, F the principal focus of parallel rays, 

Fy : FE :: FE : FQ 

^n^ere Q and 9 lie on the same side oi F, more in opposite direottoBO, 
^d meet at the centre and surface of the reflector. 

III. Reflexion, images produced btf. 

1. When an object is placed between two parallel p2an6 mirrors, a row 
of images is formed, .which are gradually fainter as they are more re- 
mote, and at length become invisible. 

Now let A andB represent the two mirrors, Othe olrject betweett 
ih&aa, and let O' be the image ^f O at the mirror A, O" the Image of O' 
«t the second mirror B, O'" the image of O" at the mirror A &c. 

Also let O be the image of O at the -second mirror B, O the image of O 

at A, O of O at B &c and let it be required to find the distances O O, 

HI II 

O O" , O O, O O &c 



// 



Fat O A =a. OB = *, AB = cora-|-*. Then 
OO* =2a X rod = '2 b 



O O" =r 2 c 
O O'" = 2 c 




Afirain 




2. Suppose now that t^e mirrers, instead of being parallel, are inclined 
to each other, in this case the number of images will be limited, and wili 
evidently lie in the circumference of a circle, whose centre is the inter- 
section of the two planes, and radius the distance of the object from that 
intersection. 

- Now let H I and K I be the mirrors, O the 
object, then as before there will be two series 
of images 

O', O", 0"> &c and O, O, O &c. 

/ // III 

to determine the distances O O', O O" &c. mea- 
sured along the circumference of the circle, put 
iI10orHO = 9, OlKorOK=:0', HIK 
vDr H K = /, then 

^1 




RBF 



OC -rrS* 'J /•00 = 2tf' 

00"'=9i + S# f 10 = 814- 



SO' 



«iitheBianber«f imifBrMiatiM irst seriM ia the least wliole auraber 
greater than **" ; Kttd the wxAiber of imajfes in the other series is 
the least whole number greater than . 

2 sr 
If i be a measure of r, the whole number of ifluiiges is ; and in this 



two images of the d^^^nt series coiadde. 

a If the ol^ect placed before a tphericai reflector be a circular arc con- 
centric with it, the image will also be a drculM arc concentric with and 
eimllar to the ol^Ject, and its position and magnitode may be determined 
by the proportion 

Fy : FE :: FE : FQ. 

4. If the object placed before a spherical reflector be a straight line, the 
image is a conic section ; aad is a parab(da« ellipse, or hjrperbola, ac- 
cording as the distance of Hm olgect from the centre of the mirror is 
equal to, greater, or less than, half its radim. 

REFRACTION in Optics^C Coddington.) 
I. Refraction at plane turfaces. 

1. Gif ea the Section in which a ray laUs en a plane surface bounding 
a r^racting medium ; to And the direction <rf tite refracted ray. 

Let the ray proceed from the point Q, and a perpendicular Q C be 
drawn to the surface of the refracting medium, and let the ray after re. 
fraction cut Q C or Q C produced in y ; put A and A' = C «ad Cq ; tf 
and ^ = ^*8. of incidence aoid r^ractioa ; m the ratio of the sHie of ind- 
denoe : sine of refraction, usually eaUed the rotfio offefinuition i then 

or when 9 is small, as it is usually supposed to be, 
A' .-= m A nearly. 

2. Let a ray pass through a refracting scyt»staace bounded by two 
psraUfil plane surfaces ; to determine its direction after emergence. 
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Xet D = distance of the foci of incident and emergent rajs, Tthe 
thidcness of the medium, then 

m 

3. To determine the refraction which a ray experiences in passing 
through a medium bounded by planes not parallel ; for example a tri- 
^ angular prism.of glass. 

Let I = vertical angle of the prism. 
= ^ of incidence. 
^^ = ^ of emei^nce. 
2 =: /; of deviation of the inddent and emergent rays ; then 

^ = + *»!' — '» 

«r if the / of the prism and the ^'s. of incidence and emergence be ex. 

ceedingly small, 

^ J = (fn — 1)/. 

Cor. The / of deviation is a minimum when the incident and emer. 
gent rays make equal ^'s. with the sides of the prism. 

IL BefracUon (U spherical mtfacet. 

1. A ray of light is refracted at a spherical surface bounding Wo dif- 
ferent media ; given the point where it meets Uie axis, required the 
point where the refracted ray meets the axis. 

Let r n radius of the spherical surface, 

A and A' = distances of Q and g from the refracting surface; 
then we may tabulate the results as follows :— 



Case. 


Refracting 
Medium. 


Surface. 


Equation. 


1 
2 
3 
4 


Denser 
Denser 
Rarer 
Rarer 


Concave 
Convex 
Concave 
Convex 


1 «i-l 1 
A' ~ mr ^ m A 

1 _ *» — ^ ," 1 


A' ~ mr '^ m A 

1 _ m — \ m 
A' ~ r "*" A 

1 _ w — I *» 
A' ~ r """A 
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In order to ted fth« principal /omI distance, whiek we call/ C»ee Re- 
fexion 11 J we have of course only to make A infinite in tke efii^ooajuBt 
given ; we have then 

/ mr w/ — 1 

^„l m-^1 - m 

Case 2. ^ = — , or/ =z r r, 

f mr «»— 1 

Case 3. -p = — , or/= — r r. 

l»n — 1- 1 

It is important to observe that in aH cases the distance of tiie principal 
Ibena from tha snrfiiee, is to its distance fraa the centre, w the sine of 
incidence to the sine of refraction. 

If we introduce the distance /into the formulae, we shall have in 
Cues I Itg, I = ^ + ^. 

The following are corresponding values of A and A', in different posi- 
tions of the conjugate foci Q and q. 

A = CO , n 0, — ■-^, 00 

tn ^ 1 



Case 1. 



Cases. 



A' = r, r, 0, GO , ; 



A =: CO , r, 0, — r. QO 

A' = — r, 00 , 0, — r. 



m_r--'^' 'w,— I 



A s= 00 , -— ^, r, 0, GO 

IB — 1 



Case a 



r 



A- ±1. ■- «> . ". 0. -Tzzn 
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f. To find the direction of a ray after refraction through a leni. 

The method here is to consider a ray refracted at the first surface, oa 
incident on the second, and there again refracted. 

Let A" be the distance of the focus after the second refraction, f the 
radius of the second surface, t the thickness of the lens, the other sym- 
>o1b as above ; then 



_ = (m-l)(---)4.^. 



To find the principal focal distance F, put A infinite in the abore ex- 
pression, Le. suppose the rays parallel, and we have 



F \ r r' 



and then -^ = p" + ^ 

111 

U yre put — for ;• in the above equation, 

-. = or F = -Ti- 

Hence arise different ralues of ^ according as — — -- is positive or 

negative. 

In the concavo-convex lens, either r is less than r* and F positive ; or 
when the lens is turned the contrary way and r greater than r* they are 
both negative, we have then 



.} = («-.,(i-i) 



In the meni^cut, either r ia gniater than r*, boCk being positive, and. 
then 



•=_c„-„(i-i) 



Y 

or r is less than r' and both are negative, t^.that 
83» O 
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In the double concave lens, r' is negative. 
Id the double convex, r is negative, 

In thB plano-concavey either r' is infinite, or r is infiaite and r* 
tive ; therefore putting r fur the siiigle radius 

L n^^LlI-l F = — !1— 



In the plano-convex 

1 m— 1 



. F^- 



When in the double concave or double convex lens the radii are equal. 



F — r ~~ 2. (»»-l) 

Since-^ = 1 + 1 

A F 
2^// — _. Hence the foUowiDg' useful propor- 

tions, it beini{ understood that F and/are the principal foti of rays com- 
ing in a contrary direction. 
A(?: AQi: af: AQ^. AF 

o.q,/:/a::Oa:a, ^ -^^TlT^ 'a 

The following- are corresponding values of A and A" for a concave 
lens ;— . 

V F ' 

CO ... 2 F ... F ... -- ... ... — -• ... — F ... — 2 F ... — S F ... — CO 

2 F F ^ n 

F ... ^ F ... — ... o ... ... »• F ••• QO •.« 2 F .«• -^ F ••• F 

236 




REF 

The following are for a canvejf one >— 
9 „ F • F\ ^ F 



CD.SF.F.^F.l. (i),0,-f (--).-F.-3F.- 



00 



-F.-2F, »,9F.F.(;^-).0,-|. (_ -Z_),_ |. .3j,..F. 

If it be not thought proper to neglect f the thickness of the lens, tbea 
in the case of parallel iiicideat rays the equation is 

3. If the lens be a sphere. 

Put g = distai'ce of the focus <»f incident rays from the centre j q' =do. 
of foctts of rays after the fiist refraction j q" = do. after two refractions j 
then 

g" mr q 

Cor. 1. To find the principal focus, suppose q infinite, or — = o; 

.'. F = — rrr —rr- The negative sign meaning that the focM 

is on the opposite side from whence the light proceeds. 

3 3 

Cor. 2. If the sphere be glass, «» «= -n-. and F = — **. If water, m c= 

4 . ^ ^ 

•^, and F c: 2 r. 

4. If there be a compound lens, or a .system q{ lenses placed close to 
each other, whose principal f<n-;ilulstuuce3 are F, F', F" F^"\ and F 

is the dbtance of the focus aflcr all the refractions j then 

' — *^— 1 y«'«- 1 m" — 1 ot(^*) — 1 

f ■* ""T" "^ ~V~ i" «W 

n . * 

_ 1 . 1 . 1 . 1 

of-F + p+T^ — + TFo. 

Hence if, with Mr Herschel, we call the reciprocal quantity -=, the 
jxncer of a lens, we kave the following enunciation, 

** The power ofanjf syttem qf lens€i u the stun of thepowert oftht com- 
jtonent lente*.** 

W 
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III. Refraction, images produced hjf. 

1. The image of a straight line, formed bf a plana refraeting surfaoa,- 
i« a straight line : and if a be the perpendicular distance of any point of 
the object from the surface, and m the ratio of refraction, the distanoa 
of its image —ma. 

Cor. In the oase of water, m= %. Thus the image of the bed of % 
river is nearer to the surface than the bed itself by ^ of the whole depth. 

2. If the object placed before a lens or a sphere be a circular arc con- 
centric with it, the image will also be a circular arc concentric with and 
similar to the object 

S. The image of a straight line formed by a lens or sphere is the arc of 
a conic section. 

4. The sun's image formed by a lens is a circle, and nearly in the prin. 
eipal focus : and the density of his rays when viewed with a reflector <ur 

e^ L '^ area of aperture X power 

refractor vanes as 7r.-^ri — n-^« • 

(Focal length)* 

TABLE, 
Of the refractive and dispersive power of different substaneet, v>iA thtir 
densities compared with that oftoater, which is taken as the unit. 

The substances marked («) are combtutible. 

Hie refraction is supposed to take place between the given snbttanca 

and a vacuunL 



Substance. 



Chromate of lead (strongest) . 

Realgar 

Chromate of lead (weakest) ... 

* Diamond 

♦ Sulphur (native) 

Carbonate of lead (strongest) 

«— — — weakest 

Garnet .«». «..t.. • 

Axinite 



Ratio of 
refraction 



2.974 

2.519 

2.503 

2.45 

2.115 

2.081 

1.813 

1.815 

1.735 



Dispersive 
power. 



0.4 
0.267 
0.2@ 
0.038 

?0.00i 

0.033 
0.030 



Density. 



5.8 

a4 

5.8 

a521 

8.083 

&071 

4.000 

3.213 
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Sitbstance. 



Xalrareous Spar (strongest) 
^^— — weakest , 



♦ Oil of Cassia 

Flint glass 

■i another kind 



^ •••«•»•••«««••• 



Rdck cTvstal 
Rock sat 



Canada baliiam .^....m* 



•••••••••••••••a 



Crown glass 

Selenite 

Plate glass 

Gam Arabia »». 

« Oil of almonds .... 
f Oil of turpentine . 

Cfirax -* 

Sulphuric acid 

Fluorspar 

Nitric arii 

Muriatic arid 

* AU-oI.ol 

White of o^g 

Salt water 

"Water 



Ice „ 



*••••«••«•«•••••••••••••••••••••••••*••••• 



Air 

Oxyjon 

* nydro?j(?u 

Nitrosfcn 

Carbonic acid gas 
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Ratio of ^Dispersive 
ref't'u ctton 



1.665 

1.519 

1.611 

1.616 

1.590 

1.562 

1.557 

1.549 

l.SU 

1.526 

1.5i7 

1.512 

1.483 

1.4'J3 

1.475 

1.410 

1.436 

1.106 

1.374 

1.37 1 

1.5G1 

1.313 

1.326 

1.C07 

1.00029 
l.OOOiS 
1.00014 
1.00029 
1.00045 



power. 



0.C4 

O.l.'JD 
0.048 

0.026 
0.053 

0.045 
0.036 
O.0S7 
0.032 
a026 

'0.042 
0.030 
0.031 
0.0.'2 
0.015 
0.013 
0.0-^9 
0.037 

0.035 



IhiuSfy. 



i 



2.715 



M?9 

2.653 
2.130 

2.643 

2.322 

2.468 

1.452 

0.917 

0.8C9 

1.718 

1.850 

3.168 

1.217 

1.194 

0.8 '5 

I.OCO 

l.OiO 

l.COO 

0.930 

0.0013 
0.0014 
O.OOOi 
0.0012 

aoois 
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REFRACTION, terte9triaL-^( Vince, Pk^ffiUr, ife.J 

1. To determine it, let E = apparent elevation of a mountain from s 
point in the plain below ; D = apparent depression of that point from 
the top of the mountain observed at the same moment ; A = / sabtwkU 
•d at the earth's centre by the distance between them ; then 

Refraction = — -^ 

The terrestrial refraction found by this theorem, when the elevation 

is not very great, varies from -r- to -r of the / A, but in the mean 

state of the atmosphere - 2_ of A, which, in taking the elevation of 

14 
any object, must be subtracted from the observed ^ E to give the cor- 
rect elevation. Also the radius of curvature of the ray varies from 
twice to 12 times the earth's radius, but in the mean state of the atmos* 
phere = 7 times earth's radius. When the ray is not hotizontal it = 
7 times earth's radius 
sin. appar. zen. dist 

2. But in determining the height of a mountain, a correction may be 

made at once both for the curvature of the earth and for refraction thus. 

Let L = horizontal distance of the object in English miles, then the cor- 

2 L« 
rection for curvature in feet is — 5 — , Ctee Levelling J and for refrtu^ 

tionis 




4 L* 
j= — jy^ = feet which must be added to 

eompnted height> and it will give correct height both for curvature and 
refraction. 

3. To determine the most distant point on the earth's surface that can 
be seen from the top of a given height with and ^vithout refraction. 

Let h = given height in miles, r = earth's radius, then in the mean 
state of the atmosphere, the distance of the farthest visible point = 

yT^^ J and distance, if there was no refraction, = v'2rA ; /. dis- 

tance which the eye can reach with refraction : do. without W *Jt i 
V'e :: 14 : 13 nearly. 

Cor. V -^ = 96.1 miles, .*. the distance of the farthest visible 
point in miles, allowing for refraction, = 90.1 -v/ * • Or by the last Art 

if »'=: height in /«6f, ^^ = A'. .-. L = -^— . 

no 



^^^ 



By th* latt fbrmola th^ following Table wu computed :— 

TABLE, 
fft«t06^ c;i« dutanee of the farthest visible point in miles that can he seen 
from the top of a given height, taking into account the effect of refraC' 
tion. 



Height in feet Dist in miles. 



5 

10 
15 
SO 

i5 

80 

85 

40 

50 

60 

70 

100 

150 

SCO 

260 

SOD 

400 



1ffff^M^«IMfWMiW«M#iMMI#^ 



tMM#m#W^««VW#W^«WIMMW 



0m0m0i0m0m0^^0m0i0i^0>0>m 



tfXMW»#W<MW<W*MM<W»<»»WI 



«|WWW»<»*<*»^*<»»*<^»^»W<^ 



^>0»m0>00>^0'^e^t^^^^^^0i0>^<» 



I0m0»m0^im0i0i0^^m0t00>0'^0m 



iw»»#^#w»>^»»#»»*w»^*w^ 



m0mm0'^i0>^^0^<^0>^0*^0mm 



^i^i00^*^>0i^^*mf^e^>^i0mm 



^^^#K»»tf<^»#M»»W»^»^^^^» 



Height in feet Dlst in miles. 



2.96 


600 


4.18 


700 


5.12 


1000 


6.91 


1600 


6.61 


2000 


7.25 


2600 


7.82 


3000 


8.37 


3500 


9.35 


4009 


10.25 


5000 


ll.I 


cooo 


13.2 


7000 


16.2 


8000 


18.7 


9000 


£0.9 


10000 


22.9 


15000 


26.4 


20000 



rf»^»»<*Wtf»i>*^»i^^^*^^'^^* 



»»^»»»^w^#>*^»<<^»»^»#*»<*ww 



»#»»»»»<»^^»>^»^»<»^»^^^^» 



l»>»VW^ »#<»*^#»»>»»<»tf<^»»^» 



»^<i^^^n»»^»**^^^»<'#^^^» 



mf<0*0^^l0»^^ #^»»W^»^»»Wt 



|»^»lf<»i^<N»<^^»i^^»»^»^^»*^» 



tfl»^W»#»^«^»^<^*WW#l^#i*^ 



^i^>^^*^>0>^'m0-0>im0m0^'i^t0>^>^ 



29.5 

35.0 

41.8 

51 

59 

66 

72- 

78 

83 

94 

102 

110 

118 

125 

132 

162 

187 



Ex. 1. The topmast of a ship 50 feet high was just visible to a specta- 
tor situated 20 feet above the level of the sea ; required the distance of 

the ship. 

Feet. Miles. 

By table 60 ...,« give 9.35 

20 do 5.91 



Required distance 15.26 

Ex. 2. The summit of Mouna Roa (whose height is supposed 15,000 
f«et) was observed at 180 miles distance ; required the height of the ob* 
server. Miies. 

Observed distance 180 

Distance due to 15000 feet 162 



Difference 

which answers to a little less than 200 feet altitude. 
841 
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AUTHOBITIBS. 


MiLBa. 


Sir W. Jones 


2U 


Bruce 


240 




188 




160 




1S5 


• 


iI5 


Humboldt 


126 


Morier 


100 


Dr Clarke 


100 




05 




04 




93 




n5 




^ 




53 
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TABLE ofdiitancei at whiiA mowttaiiu are said to haw ft^H 

observed. 

Mount Ararat ..^.w^^^>>^>^>^>^>>>~^»~^».^ 

Mouna Ron, Sandwich Isles (53 leagues) 

Chimborazo (47 leagues) ,»,^>^^.^>.w>>,,^><^ 

Peak of Teneriffe from Cape of Lauzerota 

Do. from ship's deck ^, 

Peak of Azores 

Temaheud 

Mount Athos 

Adam's Peak 

Ghaut at the back of Tellichery 

Golden Mount from ship's deck 

Puh» Pera from the top of Penang 

Ghautat Cape Comorin 

Pulo Penang from ship's deck 

Th2 l::st six observations, and that of the Peak of Teneriffe, were made 
by a writer in the Calcutta Monthly JournaL 

REFRACTION of the heavenly hodies^-^C Fince, Maddy.) 
1. The refraition of a star in the zenith is nothing, is greatest in the 
horizon, and at considerable altitudes is nearly as the tangent of the 
zenith distance. Or more nearly as tan. (£' — 3 r), if jr = zenith dibtance, 
and r the refraction found by the common rule. 

Cor. Refraction - 57" X tan. (5r — 3 r.) 

a. To determine the refraction of a star by observation. 

Observe the altitude and azimuth of a star of a known declination at 
the same moment : from the azimuth, the polar distance, and the com- 
plement of latitude, compute the altitude; the difference between this 
and the observed attitude is the refraction. 

3. To determine how much the apparent time of rising and setting of 
a star is affected by refraction, 

J. _ l H»ft refract m^ ^^ ' 

~ 15* X cos. lat. X sinTstaPJazimT 

Hence the time is least, when the star is in the equator. Or if / = liu 
titude, h ~ star's declination, r =- 1»mk refraction. ^A^tm!* »u 
843 J 
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Time = ■ ■' ' 

150 v(cos. (t + i). COS. (/ — J)) 

i. Tvrilight is occasioned by the refraction and reflexion of the snnle 
rays passing through the atmosphere, and continues till the sun descende 
about ISf* degrees below the horizon. 

To find the duration of twilight. 

Let h and h' be the hour angles corresponding to the beginning and 
end of twilight, I the latitude, and i the sun's declination; then 

cos. h = — tan. I. tan. i 
COS. A' = — sin. IS'', sec. I. sec. Z — tan. /. tan. > 
hence A' — • A may be deduced. 

Cor. Twilight_willcontinue all night, if < + ^ ^e greater than 72*. 
To And the time of year when twilight is shortest 

sin. i = — tan. 9**. sin. I 

and sin. A = sin. 9°. sec. I 

The first equation gives the sun's declination, or the time when the twl* 
light is shortest; and the second gives the duration of it. 

JEx. In latitude 52^, the time of shortest twilight will fall about March 
9, and October 11 ; and the duration will be about lA. 58m. 

5. The refraction varies with the state of the barometer and themuK 
meter. 

Dr Maskelyne^B Formula. 

Let a =■ height of barometer in inches, A = height of Fahrenheit's 
thermometer, z = zenith distance, r = 57" tan. z ; then 

a 400 

Befraction = ^g^ Xtan. («-.3r) X57" X g^^. 

Dr Young*» Formula. 
.0002825 .= «.—+ (2.*7 + .5 »«) -~- + 3600 1> -~- + 3600 (1.235 + 

.25 «*} -~^ ...... T being the refraction, v the sine of altitude, and $ the 

cosine. 

From this last formula, the following Table, taken flrom the NauUoal 
Almanack for 1837, is computed. 
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TABLE OF REFRACTIONS. 




B IV 

Exfitmaiion of the Table of Befmetiam. 
Hie apparent altitade being found in the first colamn, the second thowe 
the refraction when the barometer stands at 30 inches, whidiia its mean 
height on the level of the sea, and the thermometer at 50® of Fahrenheit. 
The third column contains the difference to be subtracted or added for 
every minute of altitude, reckoned from the nearest number in the first 
column. The fourth shows the number of seconds to be added for ererj 
inch that the height of the barometer exceeds SO, or to be subtracted for 
each inch that it wants of SO; and the last contains the number of ae- 
conds to be subtracted for each degree that the thermometer standa abore 
500, or to be added for each degree that its height wants of 500. 

Ex. At 7». 18'. 13". Bar. 29.87. Ther. 66o. required refraction. 

Alt 7». 20*. R. 7'. 8" Diff. Alt ",9 B. U", 3 Th. ",83 

4- 1.62 K 47"=.l'. 8 — .13 —16 

7. 9,62 + 1,6a 1,86 

16,74 

Rei:= 6. 5i?,83 16,74 

REFRANGIBILITY of light—See Light. 

RESISTANCE of air to Projectilet.See Gtmnerp. 

RESISTANCE of Fluids.See jFluidt. 

RIVER.— <' Dm Buat, Rohixon.) 

1. Let V = velocity of the stream per second in inches, R the quotietit 
arising from the division of the section of the stream, expressed in 
square inches, by its perimeter minus the superficial breadth of tho 
stream in linear inches, S the slope the numerator being unity, ie. the 
quotient arising from dividing the leugth of the stream, suppobing it ex. 
tended in a strsdght line, by the difference of level of its two extremities, 
or l*^t it be the cotangent of the incliuation or slope ;— then the sectieo 
an4 velocity being both supposed uniform, 

v^a/rTT/ 22! i) 

10 V S*-Jh.l./8 + i^\ 10'' 
Whan R and 6 are very great 

V »♦ -. J h. L 8 ^^'^ 

/ — r 

Tha slope remaining the same, th« velodtiaa araasv R— iT. «r ta 

Vr, whan R i« very great 
£46 
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The velodt; will become nothing b; mamog the dedirity so small that 
SOT 3 ^ . .. ., 1 . . ,. 1 



S"— Jh.l.V.b4.Tj.; 

1 

l^th of an inch- to- an Eng^isli mile, fiie water will have sensible motion. 

In the above formula R is called the radius of the section. 

i. In a river the greatest velocity is at the surface and in the middle 
of the stream, from which it diminishes towards the bottom and sides, 
where it is least ; and it has been fuund by experiment, that if e := velo* 
city of the stream in the middle in inches, then the velocity at the bot* 
tom is ^ 

»-.2^^« + I. 

8. The mean velocity, or that with which (were the whole stream to 
move) the discharge would be the same with the real discharge, is equal 
to half the sum uf the greatest and least velocities, as computed in tha 
last Prop. Heuce the mean veUiiity i= tj — V u ^_ |. 

4-. Suppose that a liver ha^ang a rectangular bed is increased by the 
Jtiuctioa of auother river equal to itself, the declivity remaining the 
same ; required the increase of depth. 

Let the breadth of the river = 6, the depth before the junction .;;: d, 
and after it ■= x j then 

3 <23 ibd3 

a« — ^-T~2 d **" ~ T+2d* ^ cuJ)iGequatiQBL which can always 

be resolved by Cardan's rule. 

6. To find the fall «>f water under bridgea, let the breadth of tha ri«et' 
in feet =^bj the breadth between the piers = c ; the velucity in a fte*' 
cond = u/ £ ^3;^^i£Bet; then the fall uf the river will ba 



K-^y-^l^- 



Tims at London bddgn 6 = 92G, c^= 236, r.educed by the plles^ ^%^ 
n ^ 3^ hiinca tiift faa i& i.'tS&i, by, observation 4,75.-*/ Xatmg,*s. Hat,. 

OL Whsnttaaaecliiswof a river vary, tiie quantity of. water MmaiaiiqF' 
Ifca. simat ilm aaaa Tatm^tieH aro iaowrsely as the area»ol tli&w«lioaK- 

T The fbllowing T^ble abridged from Dr Robison serves at once to 
compare the snrfape, bottom, and mean velodties in riyera according; t* 
the pri^dples of Arts, 2, 2,^(Gr.egot%) 

Ul 0» 
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Velocity in Inches. 


Velocity in Inches. 


Sur. 
face. 


Bottom. 


Mean. 


Sur. 
face. 


Bottom. 


MeoTt. 


4 


1 


2.5 


56 


49.016 


49.003 


8 


3.342 


567 


60 


45.509 


5if.754 


12 


6.071 


9036 


64 


49.0 


56.5 


J6 


9.0 


1?.5 


68 


52.505 


60.i?52 


iO 


12055 


16.«t!?7 


72 


56.0^5 


61.012 


U 


15.194 


19.597 


"S 


59.563 


67.784 


iQ 


18.4H 


iS.dO 


80 


63.107 


71.553 


32 


•-^ 1.618 


if^8S9 


81 


66.651 


■ 75.325 


36 


55.0 


30.5 


88 


70.224 


79.112 


40 


i 8.245 


31.172 


92 


73.788 


8 .»)! 


44 


31.742 


37.871 


m 


77.370 


86.685 1 


48 


35)51 


41.570^ 


100 


81.0 


90.5 1 


5i 


3S.5Gt 


45.5:82 






1 



8. Eytelwein, a German mathematirian, gives the following formols 
for the mean velocity of the stream of a canal. Let v be the mean velO' 
city of the current in English feet, a the area of the vertical section of 
the stream, p the perimeter of the section, or sum of the bottom and two 
Bides, I the length of the bed of the canal corresponding to the fall h, all 
in feet > then 



.-= — 0.109 4- V 9582 -^A + com 



9. To find experimentally the velocity of the water in a river, and the 
quantity which flows down in a given time, observe a place where the 
banks of the river are steep and nearly parallel, and by taking the depth 
at various places in crossing make a true section of the river. Stretch a 
string at right /*s. over it, and at a small distance another parallel to 
the first. Then take an apple, orange, or a pint or quart bottle partly 
filled with water so as just to swim in it, and throw it into the water 
above the strings. Observe when it comes under the first string by 
means of a quarter second pendulum or a stop watch, and observe also 
when it arrives at the second string. By this means the velocity of the 
upper surface, which in practice maj frequently be taken for that <^ the 
whole, will be obtained. The section of the river at the seconi strio|r 
must then be ascertained by taking various depths as before, and the 
mean of the two will be obtained by adding both together and taking 
half the sum for the mean section. Then the area of the mean section 
in square feet being multiplied by the distance between the stringf in 
feet will give the contents of the water in soUd feet which paafed from 
848 
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one string t« the other daring the time of observation j and this by the 
rule of three may be adapted to any other portion of ilme. This opera, 
tion may often be greatly abridged by noticing the arrival of the float- 
ing body opposite to" two stations on the shore, esperially when it is not 
convenient to stretch a string across. Where a time piece is not at hand 
the observer may easily construct a quarter second or other pendulum. 

RIVERS, proportional lengths of, and supposed quantity of water dis- 
charged per annum.— C Ency. Brit, SupplJ 



] 


Rivers. 








Length. Qy 


. OF WATER. 




"I'hames 1 . , 


1 




Rhine 








4* . . 


13 




Loire 








4 


10 




Po . . . 








. 2i . 


6 


EmtoFB * 


Elbe . . . 








4* . . 


8 




Vistula 








H . . 


12 




Danube 








. n . 


65 




Dneiper 








H • 


36 




-Don . 








. 7i . 


38 




-Wolga 








. U . 


80 




Euphrates . 








0| . . 


60 




Indus 








. llj . 


. 133 




Ganges 








10 . 


148^. 


Abu ... S Ka„g.tse or Great river of China . 


21J . 


i>53 


Amour, Chinese Tartary 


16 . 


166 


Lena, Asiatic Russia 


. 13i . 


125 


.Oby do. . . . 


16 . 


179 


Apbica. Nile 


18J . 


250 


"St Lawrence including Lakes 


. 22J . 


. 113 


Mississippi 


19 . 


s.-^ 


^"'""1 Plata 


13* . , 


490 


. 


^Amazon, not inc 


:ludii 


ag A 


ragnay 


. 22f . 


. 1280 



To deduce the approximate lengths of the rivers in miles from the pro- 
portional lengths we may multiply the latter by 180. To convert the 
proportional discharge into Icnown measures we may multiply by 1800 

to f btain the number of cubic feet per second, or by .4 or j^to find the an. 

nnal discharge in cubic miles. 
249 
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TroporUomd lengths teecording to M^ftr tUlmtU, 



r Thames 

_. 1 Rhine 

fiCBiOPB < 

J Danube 

( Volga 

'Indus 
Euphrates 
Ganges 
Burraropooter 
Ava River 
Asia... ^J^nicei 
Obi . 
AnsQur 
JLcna 

Hoapg-Ho 
Kiaa Ku 

Africa Nile 

AmbwcaS Mississippi 
C Amazon 



1 

7 

H 

H 
H 
H 

10 

lOJ 

n 

m 

iH 

12* 

8 
151 



R0titS, equilibrium of.^( WheweU. ) 

1. A roof A C A', consisting of beams forming an isoscdes triangle 
with its base horizontal, supports a givrn vVeight at its vertex C : the 
weights of the beams being also given ) it i« reqaired to find the hori. 
xontdPffrce at A and A'. 

. Let B be the weight of the beam A C, C the weight at C, « the anglt 
which A C makes with the horizon, H the horizontal pressure at A } 
then 

B + C 



H = 



2 tan. u, 



1/ there is no beam joining A A% this horicontal ptfmmt H must b« 
counteracted by the supports on which the ends A, A' are placed. 

1/ t!ie roof A C A' support a covering of uniform tbiclcnesSf the forma* 
to will still be true including in the weight B, the we^bt of that portion 
of the covering which rests upon the beam. 

The weight C at the point C may arise from a longitudinal teflm pMw 
pendicnlar to the plane A A' C, 



ROT 

S. Any number of giren beams, arrangred as sides of a polygon, in a 
vertical plane, support each other, and support also given weights at 
tiie ^.s ; it is required to find the horizontal pressure at the points of 
•npport 

Let B and B be the weights of two contiguous beams, « and « the an> 

gles they make with the horizon, and C the given weight at the /, or 
point of junction; then 

J6 (B + B) + C 



H = 




tan. » — tan. « 
This horizontal pressure is the same at all the angles. 

Cor. If we suppose the weights of the beams = o, H = 

, . tOi^. «-tan.«i 

If we suppose no weights, except the beams, ' 

H= ^ tB H- B) 

tan » — tan » ' 

3. To find the position of the beams, having given their weights 
B, B, B &c. the weights C, C, C 8cc. and the position of two of them. 

1 S S " 1 8 S 

By the last Prop, we have the following equations, ct, tt, » being the 

^.8 which the beams make with the horizon. 

H (tan. « ,— tan. a) = )^(B + B) +C 
I a 1 s 1 

H (tan. A — tan. <ft) = }g (B a. B) 4. C 

&C. &c 

If there be n beams there will be n -> 1 weights C, C &c. and^^— I 

IS 

equations. The'aumber of unknown qnantities is n -f. 1, viz. the n tan- 
gents, tan. «, tan. « &c. and the pressure H. Hence if we know two of 

the /.s «, ft, we can find the rest. 

IS 

ROOTS ofntmtberi.mSee Involution. 

ROPES, rigidify of.-^ee Friction. 

ROTATION of bodies about a fixed or moveable axit. 

The following Proposition is of the greatest use in Mechanics, and is 
general under the circumstances there mentioned, whether bodies more 
ia right lines or have a rotatory motion. It applies with peculiar facili- 
ty to the inreetigation of the motion of revolving bodies, and by the help 
cfit fbe most difficult problems admit of a simple and easy voIatioiL ^ 
161 4 
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Ptdp. If a syttem of bodies b« conncrtM tof«tlier tmA mpporttd At 

y point which is not the centre of gravity, and then left to deeorad bf 
that part of their weight which is not supported ; 2g multiplied into tte 
sum of all the products of each body into the space it has perpeudicultiw 
ly descended will be equal to the sum of all the products of each body 
into the square of its velocity, g being = '^\^ feet-^C^r Dauton, Se^ 
bergh.) 

A demonstration of this Prop, may be seen in Leyboum's Mathemati- 
cal Repository. 

Ex. I. Let a cylinder whose weight = W, moveable about a horizon- 
tal a.xis passing through the centre, be put in motion by a weight P f^ 
tached to a string wound round it ; required the force accelerating the 
body P, and the space descended in / seconds. 

Let 8 •= space perpendicularly descended by P, e a velocity acquired 
in the time t,r = radius of the cylinder, x — distance of the centre ef 
gyration from t!ie centre of the cylinder ; then by the Prop. 

2^XP»=:Pt«+WXt«-^ = Pc« + WX^ 

but# = -^, /. » =g^p^orlf* = l 

gif p 
» = 2p Tw = accelerating force. 

4<s 

To find f, put r* =3 —^ in the leading equation, imd we shall have 

gVtM 

Ex, 2. A given cylinder with a thread woond rovnd it is suffered to 
twwrap itself and descend } required the time of its deiCfUt tbrvugH H 
given space. 

The same notation being retained 

2^XW«-W««-f-Wcf X~»WX (i^4-^) 

_ SWtt ^ ^ 2# 

bate=: 



8 vuvv--^, 

37 



Bw.t. P and Ware hong oyer ft fixed pYfley, to fiai iMlr fer P will 
deso0&d in P; 

298 



^<n^ 



Let r = radius of palley, ti' = i,ts weight, s = distance of the centra 
of gyraUon from its centre ; tl\en 

25'X(P-.W)# = (P+W)«? + to«iX ^ 
= (P + W) OT ^ to. J, but » = •^, 



" *""2P+2W + w* 



^. 4. ^^ A andB represent a sing^ fi¥^ 
and moveable pulley as represented in the a?- 
nexed figure ; required the space which the de- 
f pending weight P describes in a given ^me. 

Let w = weight of each pulley, v = 

velocity pf P, then ~ =r velocity of W j aisp 

--=: = velocity of the centre of gyration of 

V2 ^ 

A, and _ r= velocity of ^hf s^e cei^tre 

i^ I? i thei\ 



c5 



p6 



■ . ' . ■< 



B 



□W 



?^x(p*-.w.^) =?^ + w x^ + wx^ + wkIt 

= P «• + W X ^ + w X -^^', but e = ii, .-. 
gg^X (9P— W) 

£>. 5. A sphere D, whose 
radius is f and weight W, is 
pat in motion by a weight P 
acting by means of a string ^^ 
going over awheel whose ra. 
dius is r : required the velo* 
city acquired in the time t. 

Let r = velocity of P, * the 
space descended by P in t", 
X = distance of the centre of gyration of the sphere from its centre 
then 




Sa' X P# =s P«» + W •« X ^ ; but* 



= <Xn/|, 



SS8 
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A 2^ X P# = Ptii + Wrs X ^ ^ 

. ^ _tv , 5gF trt 
but# = 0-, . * » = 



2* •* 5raP-|-2W{«* 

2s 
Or by substituting -T— for v j tor t may be found. 

Ex. 6. Let a weight P, fastened to a string going over a wheel, by its 
descent cause two weights W, W' to be wound up on two axles. Re- 
quired the velocity of P after it has descended t" ; the radii of the wheel 
and of the two axles being r, $, (^ 

Here 
Za'X^P* — WX ^ — W'X ■^) = Pr* + W««x^i+W'c«X^^ 

or2^X (Pr»— Wrj — W'r^') X ^= (Pn + W j»4. W g'l) «• 

• — # V P y» — W rg — W r ^' 
,.v-gt X p,^ ^ Wg«+ W'g'*"* 

Here the weight of the wheel and axles are not taken into the account. 

Ex. 7. The force which accelerates the centre of gravity of a sphere, 
while it rolls down an inclined plane, is to the force by which it would 
be accelerated, were the sphere to slide, in the ratio of 5 to 7. 

Let W = weight of the sphere, t — space descended along the plane, 
r = velocity generated in time,^ when the sphere rolls, V = do. when It 

slides, then since the distance of the centre of gyration = r /J-r* we 
have, when the sphere rolls, 

2^ X W X * X ^ z= W t« + W X r« X ~. 

or gtv X-j^zz -^ 1^, 

When the pphere slidep, 

■ H 

. gtv X Y^- v'^ ; 

.-. » : r' :; 5 : 7. 
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SATELLITES.— r^wMTtf, PiayfoirJ 

1. Of Jupiter. 

Jupiter's satellites were discovered by Galileo in 1610. The times of 
their rotation are the same with the periodic times round the primary, 
Occultations happen to the first and second satellites at every revolu- 
tion J the third very rarely escapes an occultation, but the fourth mora 
frequently, by reason of its distance. The three first are eclipsed in 
every revolution, the fourth not always. In the first satellite we never 
can see both the immersion and emersion ; the other three satellites may 
have both v isible, but it depends on the position of the earth. The first sa- 
tellite is the most proper fur finding the longitude, its tables being the most 
correct. The observer should be settled at his telescope three minutei 
before the expected time of an immersion of the first satellite, six or 
eight minutes before that of the second or third ; and at least a quarter 
of an hour before that of the fourth. If the longitude be different from 
that of Greenwich, allowance must be made for it. The telescopes pro- 
per for observing these eclipses are reflecting ones of 18 inches or 2 feet« 
or the 4G inch achromatic with three object glasses. 

There is a singular analogy between the three first satellites, discorer- 
ed by Laplace, viz. that if m', m", m"', are the mean motions of the Ist, 
Sd, and 3d, satellites of Jupiter, 

m' +2m'" =i3m". 
Also if L', h" L'", are the mean longitudes of tliese satellites, 
L' — 3 L" + 2 L"' = 1800. 

The last equation shews that the three satellites can never be eclipsed 

«t the same time. 

Table of the Satellites. 



Sidereal Bevolution. 



IL 



d. h. m. g.\d. h. tn. s. 
1 18 27 33 3 13 13 42 



Synodic RevoluHon. 1 18 28 36 



Mean dittancCy the raditu 
of the Planet being 1. ' 



5.8129&4 



Matt. 



.0000173281 



Greatett duration of an 
eclipse. 



A m. 
2 16 



S 13 17 54 



9.248679 



^IL 



IV. 



d. h. m. s.\d. h. m. s. 
7 3 4!i33l6 16 32 8] 



7 3 59 36 



14.752401 



.0000232355 .0000884972 



h. m. 
2 54 



h. m. 
3 34 



16 18 5 7 



25.946860 



.0000426501 



h. m. 
4 48 



IST 



SAT 



TABLE 

Of the apparent distances of Jot^ter's satellites from its limb at the 
time of an eclipse, in | diameters of Jupiter and decimal parts, for every 
tenth day of Jupiter's distance from opposition or conjunction. Xote.-^ 
Before the oppositions of Jupiter the ImiViersions and ^ersiuAS hap|len 
to the west of Jupiter i after opposition they liappen to tlte east j in an 
astronomical telescope the appearance will be contrary. 



Dixtance 
of Jupiter 
from op. 
pontion to 

the Sun. 


J}istanceqfthe 

Sateliites from 

Jupiter^s hmb at 

the ecipnesy 

in semidiameten 

of Jupiter. 


Distance 
of Jupiter 
from con. 
junction 

with the 
Sun. 


Disanceofttm 

SatelNtes froik 

Jupiter\f timb at 

the ecHpseSf^ 
in semidiante&r*s 
of Jupiter. 


t>ai/9. 


I. II. III. 

0.20 0.S3 0.50 

1 1 


IV. 


Dat/s. 


L 


II. III. IV.j 


ro 


0.85 


10 


0.15 a25 0.35 0.56 

III' 


SO 


0.40 0.66 1.05. 1.66 

1 1 


26 


0.30.0.45 0.70 1.25 

1 


80 


0.60 0.05 1.50 2.65 


so 


0.40 0.m 1.05 1.70 


40 


i 
0.75 1.20 1.90 3.3^ 


40 


0.55 0.90 1.40 ^.50 


60 


0.90 1.40 2.25 3.96 

1 j 


50 


0.70 1.00 1.80 &B0 


60 


1.00 


1.60 2.50 4.40 

1 i 


60 


0.80 1.25 2.00 3.50 

1 


70 


1.05 1.70' 2.66 4.70 


70 


0.90 1.40 2.25 8.95 


80 


1.10 1.75 2.75 4.85 
1 1 


8d 


1.00 1.55 2.45 4.32 


90 


1.10 1.75 2.75 4.85 
1 j 


90 


1.05 1.66 2.60 4.60 


100 


1.10 1.70 2.70 4.80 

I'll 


100 


1.10 1.75 2.70 4.80 



The difficulty of observing- the immersions, and particularly the emcln. 
•ions of Jupiter's satellites, may be attributed to the obsen'er not hav.' 
Ing his eye well directed to the spot at which the satellite first issues 
from the shadow. The discordancies will be materially diminished by 
the above Table, particularly if a diagram be formed from it, represent, 
ing the disk of Jupiter at the several times mentioned in the TaMe, and 
the proportional distances of the several satellites as there expressed. 

2. Saturn^s satellites. 

The 4th satellite of Saturn was fltscoverpd by Huyjirens, itl 1655 ; ani 
the l8>, 2d, 3d, and 5th by Cassini, within the years 1671 and 1684. Hers, 
chd discovered two others in 1780 interior to the other Hye, )>at which, 
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to preyent confasion, are called the 6th and 7th, the 7th being the innei^ 
most Thej revolve nearly all in the same plane, inclined to Satnm'a 
■orbit at an / of about 300; hence they are eclipsed seldomer than Jupi- 
ter's. The 5th satellite (like those of Jupiter) revolves round its axi* 
in the same time as round Saturn; a remarkable instance of analogy 
^unong the secondary planets. 

TabhoftheSatemtet. 





■nr 


rw 


I. II. 


m. ' " 


-iv:-" 


1 v.n 


Sidereal 

Revoli*. 

tion. 

Hvnodic 
Revolur- 
tion. 


h. m.s. d.h.m.t 
22.3n.30 1.8.53.9 

1 


L21.18.268L17.44.5I 


412.25.11 


15.22.41.14 79.7.54.37 






1.21.ia55 


2.17.45.51 


4.12.27.55 


15.23.15.23 


79.S2.au 


Mean 
dist. 

rad. of 
planet 
{being 1. 


ao8o 


3.952 


4.893 


6.268 


8.754 


20.295 


59.154 



a Satellites of the Georgian Planet 

These six satellites were discovered by Dr Hersdiel, in IISI and 178t. 
They all move in a plane which is nearly perpendicular to the plane -^ 
4he planet's orbit, and contrary to the order of the eigne. 

Table of the Satettitee. 



r-r- 


"TT" 


-TTT" 


iV. ' V V. 


VI. ■ 


Sidereal 

Retolv- 

tion. 


d. h. m. t. 

5.21.25.20 


ai6.S7.47 


10.23.3.50 


iaio.56.so 


38.1.4a0 


107.1&89^ 


Mean 

dist. 

rad. of 

planet 


iai20 


17.082 


19.845 


22.752 


4&507 

X 


91.008 



SATURN. Fw iti elementt, ^c— See Planet* tlemenU of. And for 
Ut t<^eUite»~^ee SateUUee. 

Saturn** ring.-'f Vince.) 

Galileo announced his (Bscovery of Saturn's ring in 1610. Dr Hers* 
chel and others have since ascertained that it consists of two concentric 
rings, situated in one plane, which is probably not much inclined to the 
•«qudtor of the planet. The dim<>D3ion$ of the rings are an follows :— 
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Inside diameter smaller ring 1-Mt346 

Outside do 184398 

Inside diameter larger ring 190S46 

Outside do 204883 

Breadth of inner ring 20000 

— — «— of outer ring 7200 

Space between rings 2830 

■— — between planet and ring ..m. 70677 

Mean thickness of ring ........m.. 4500 

Time of rotation lOA. 32m. 15,4s. 

When Saturn's geocentric longitude is bt. 20o. or 1I«. 20^, his ring is 
invisible to ns. When he is in 2s. 200. or 8f. 2Xfi. we may see it to moat 
advantage ; its minor axis is then nearly half its joBioT. But the fol- 
lowing Table will shew both the apparent figure of the ring, and of tiie 
orbits of the six first satellites, at all times, and as seen either from the 
enn or the earth. 

N.B. When the geocentric latitude and longitude are taken, we get 
the appearance as seen from the earth ; the heliocentric latitude and 
longitude being assumed, gives the appearance as seen from the snn. 



For the rtng and six first HatellUes. 1 


Arg. Long. Sat + 13o. 43'. 30" | 


Deg. 


0. VI. 

- + 


I. VII. 

- + 


II. VIII. 

- + 


Deg. 





0,000 


0,260 


0,451 


30 


3 


0,027 


0,284 


0,464 


27 


6 


0,054 


0,306 


0,476 


24 


9 


0,081 


0,328 


0,486 


81 


12 


0,103 


0,348 


0,495 


18 


15 


0,135 


0,368 


0,503 


15 


18 


0,161 


0,384 


0,509 


12 


21 


0,187 


0,405 


0,514 


9 


24 


0,212 


0.421 


0,518 


6 


27 


0,-^ 


0,437 


0,520 


3 


30 


0,'260 


0,451 


0,521 







4- — 


+ — 


H 




„„„.. 


XI. V. 


X. IV. IIX. III. 





To the quantity taken fron& 
the Tables, apply the latitude 
of Saturn expressed in minntea 
divided by 4000, with the sign 
— , when the latitude is north, 
and 4-, when it is south ; and 
the result gives the minor axis 
of the ring or of the orbits, the 
uugor axis being unity. 



£je. On April 22, 1767, tho geocentric latitude of Saturn was I". lO' 
south, and longitude 2*. l&*. 55'i hcace for the ring and six first aatsl. 
lites. 
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3#. 16«. b5'. 
13 4S 




70 



38 



4000 



— 0.521 



+ 0.017 



Minor axis -. 0,504 

The sign 4. shews that that half of the ring, or of the orbits, which if 
most distant, is more north than the eentre of Saturn, and the sign — 
•hews it to be more sputh. 

SCREW. 

When there is an eqtulibrium upon the screw, P : W I! the distance 
between two contiguous threads, measured in the direction of the axis t 
the circumference of the circle which the power describes. 

Hence if d = distance between the threads, a n: radius of the circle 

Wd 
described by the power, P IW,' d :2ira ; "~ 



P = 



2>-a 



, from which 



equation any three of the four quantities F, W, a, d being given, the 
fourth may be found. 

In the endless screw, which works in, and turns a dented wheel, let 
a =r lengfth of the lever, R = radius of the wheel, r ^ do. of the axle, 
jthe rest as before ; then 

P : W :: dr : 2r aRj 

•• 2iraR.* 

SEA WATER, speci/ic gravity of. 

Table of the specific gravity of sea water in various parts of the globe, 
^A aacex.tsaned by Dr Marcet 



Arctic Ocean ^.^^.^^^^.^ 
Northern hemisphere 
Equator »^^.w^,>^.„«^»^^^ 
Southern hemisphere 


1.02664 
1.04>829 
1.02777 
1.02882 
1.02291 
1.02930 




1.01915 
1.01418 




1.01901 


Ice— «ea waters .^^^.^ 
Lake of Ourmia «,<.^ 


1.01583 
l.OOOOT 


Mediterranean y>»^»yw^ 
Dead 


1.16507 



From the preceding facts, Or Marcet concludes, 
• 1. That the Southern Ocean contains more salt than the Northern i« 
;the ratio of 1.0-J919 to 1.02757.^ 
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'I. That tbe mtan spec gray, of sea water n«ar tlw equator ia 1.08737 ; 
intermediate between that of the N. and S. hemisphereo. 

3. That there ia no notable difference in sea waters under diffierent 
meridians. 

i. That there is no satisfactory evidence that the sea at great depths 
is more salt than at the surface. 

5. That the sea in general contains more salt where it is deepest, and 
most remote from land, and that its saltness is always diminished in tlM 
vidnity of large masses of ice. 

6. That small inland seas, though communicating with the ocmb, ar* 
much less salt than the open ocean. 

7. But that the Mediterranean contains rather larger proportioaa of 
aalt than the ocean. 

SEA WATER, saline ctmtentt of. 

Sea water contains in solution, muriate of soda, sulphate of soda, ma. 
riate of lime, and muriate of magnesia ; Dr WoUaston has also ascer- 
tained that it centiuns potash, though in a proportion less than ooggth 

part of sea water at its average density. The following analysis lai wm 
water, brought from the middle of the North Atlantic, as given by Dr 
Marcet, may serve as a specimen. The qxiantity operated upon was 506 
grains:— 

JuHulAvO 01 sOCUt »»>»Mwo^ww»»^#>^ x <^»»»#>»»w^» XiL>yO §a8« 
oUipHflXG Of SOOft i#»»i»<#«#w#<w*^»#i^*i^#*<^^w»i»>ii AySS 

Muriate of magnesia —«■■»>.>»»»»<».»»>« 4,955 

21,460 



Analysis of the water of the Dead Sea, by Dr Marcet ; the fSMltitr 
operated upon being 100 grains. 

JBAuriate of lime »i»««w»»»i«»<i<»«ii»» k x ^*»rm o,>m»u gri. 
Muriate of magnesia nr**»*.r*,»,,*** * ^ 10,246 
luuriate of soda «»o««»»i»i»»»»»wi»i»»i«**k»»w»** io,tX)0 
Sulphate 'iiX lime »»»»«»«» r x tsny^wot. *»»»« i UjUdv 

24,580 ' 

SEA WATER, temperature of. 

In Baffin's Bay, the Mediterranean Sea, and the Tropical Seas, the 
temperature of the sea diminishes with the depth, according to the ob. 
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•errations of Fhippa, Rdsft, Parirsr, SabiBe^ Sfctusnre, Ellis, and Fwott» 
bat this diminiition is not sattfect to any r^olar law. At the depth of 
100 fathoms the difference is sometimes no more than 1<>, and sometimet 
as great as 2(fi. Sometimes the coldness attains its maximum at 100 fa- 
thoms,"and sometimes it increases to 400 and 500. Humboldt thinks 
that, on a mean, the change is about six times more rapid than in the 
atmosphere, or about l^ in 50 feet ; but the facts B.t'^ too anomalous tb 
be easily brought under any general rule. It is a retnarlcable fact thUt 
in the Arctic or Greenland seas the temperatViii^ tdf t^e 6ea iiierf>«M 
with the depth. Thi* singular result was tirst obtained by Mr Sro)'eM>)% 
and has been confirmed by th^ latdr observations of FraBklitt» Beeebiv 
and Fisher. 

Thib follo^^ing a^e Some of M^ ^isher^b r&stdlS dbta!ti611 t>h bo^urd tM 
Dorothea:-* 



Ltttitude. 


LongiFuM 


Depth 
in Path. 


Between 
78« 50' 

& 
80.14. 


UO. SO*. E 


40 ... 

60 ... 

100 ... 






1€4 ... 






140 ... 






183 ... 






304- ... 




'35*.5.. 
36.0 ... 

36.7 .., 
36.5 ... 
42.5... 
39.0... 



310.8 

32.0 

32.0 

S3. 5 

32.0 

33.0 

31.0 



And similar results were obtained by Lieut. Beechy and Mr 6c0te%b|^ 
The greatest dMerence found by Lieut. Parry was 6" at a depth of ti6 

fathoms ; and the greatest obtained by Capt. Sabine was T^^ at a depth of 

680 fathom.s. 

SEAS POLAR.-.rEnc. Brit. Supp.J 

Short chronological notice of the principal navigators, who have ex- 
plored thp. Polar seas, from the voyages of Davis to th6 present tbha, 
tvitli the highest latitude reached by each. 
Year. Nort^. Highest Lat. \ 

1595 Davis, three voyages ...,^«>.,.. 72<». 12' Davis Strait. 
1594 Barentz, three voyages .^^ 80. 11. Spitzbergen. 

1608 Weymouth , ^, , — «i— Resolution Island. 
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Tear. North. Highest Lot. 

1605 Hall and Knight >«^>*#, >. 66. 55. W. coast of 6re«nlan4. 

1607 Hudson, four voyages --^.w.— 78. 56. E. coast of Greenland. 

1611 Button «>ww.«»w>o.»»»<»«»*.>«»»^«>>*»^ 65. 0. Southampton Island. 

1612 Hall » »»w»w»i>ww«>.x»M<>.»»>*'^>» 67. 0. W. coast of Greenland. 

1614 Gibbon «.»»w<»»>w«iww^M»<ww»»w>i«i->» " <. —w^av Ltabrador. 

1615 BaflEln, two voyages .#».>.>.>*^ 78. 0. Baffin's Bay. 

Juol J? ox ^wowMMwwwwwtfKWMwwwowixt'wxKwi x wKww "^""^"^ £ 03C 8 f aTCnCSC 

1741 Middleton <»i»w#<ww»ii» * »i»»*>#»*w»**»s» 66. 14, Cape Hope. 

1746 Moor and Smith ,,>>^«^>,.,>^ .i..— . Repulse Bay. 

1773 Phipps and Lutwi^e «>,»>,>>.„ 80. 48. W. coast of Spitzbergen. 
1779 Cook and Clarke .,.,^>>»...>^ 70. 41. Behring's Strait. 

1787 Lowenorn >»ww>»»»ww»»»»w«ww»»*»»» 66, 30. £. coast of Greenland. 

XTai x/oncan 0inf»tn>fit»*»»»'<»*»*''»**<f**»r»i>» ■ ^^^^^^^ v/nescemeiu xniec 

1806 Scoresby >»»^.««»*.»»»>m>>»^»^»* 81. 30. Longitude 19o E. 

1819 Parry's second voyage w.«w«.~ 75.35. Melville Island. 

Farthest point westward .-^ 74. 26. 25. Long. 113. 46. 4a W. 

Do. Capt. Franklin, land expedl--) 67. 48. Coppermine River, and 5 or 
tion »»».»ww>,..>»»w«»^»o*>*^3 600 miles to the eastward. 

1826 Franklin & Richardson, do. 1 Mackenzie's River, and from 

3 113 to 149. 3a W. Long. 

1827 Pflrrv»a 4t-h 7 81. 5^. and on the ice to 

•* 82. 45i. 200. E. Long. 

South. 

ft 

1774 Cook *^.,, »» *71. 10. Long. 101 to 110 W. 

1822 Weddell » »w><»»»»i«wi<»'»»<»**»»w.v.>* 74. 15. Long. 34. 16. 45. W. 

No human beings are found in the Southern Ocean below the 55th 
parallel of latitude, and mone beyond the 50tb, except on Patagonia and 
Terra del Fuego. 

It is impossible to enter here into any of those points of scientific re- 

search which these expeditions have been the means of communicating. 

It may not, however, be uninteresting to subjoin the result of Captain 

Parry's observations on the temperature of Melville Island, in 1819 and 

i%0, as indicating a very extraordinary degree of cold. 






October + 17.5 — 28 

•November... 4. 6 — 47 



SHI 

■ Greafett 

Temperat, Leatt^ Mean. 

I8I0 September ... -f 370 — 1<> ............ + 820.54 

3.46 
20.60 
21.79 

saoD 

32.1a 

laio 

8.37 
16.66 
36.24 
42.41 
32.68 



December ... -f* 6 
1820 January „..., — 2 



— 43 

— 47 



February ... — 17 — 50 



March 4. 6 



April .. 

May 

Jane ..... 
July .... 
August 



+ 32 
+ 47 
+ 51 
+ 60 
+ 45 



— 40 

— 4 

+ 28 

+ 32 

+ 22 



••...«•••«•• 



•••••.•••••• 



••.•••.. 



•••• "^ 

+ 
+ 



Annual temperature ...... + ].33 



According to Leslie's Table (see Atmosphere) the temperature of Met- 

rllle Island should have been nearly 2&*, whereas it is only I*'—. 

Inches. 

Greatest height of barometer was 30.86 

Least do. 29.0a 

SEA, extent of.—See Earth. 
SEASONS, length of. -See Earthy dements of. 
SECANTS, figure of—See Figure. 
SEMIDIURNAL arcs.—See^rcs Semidiurnal 
SHIPS, tonnage of 

To find the tonnage of Ships. 

Rule L— Multiply the length of the keel, taken within the vessel, or 
as much as the ship treads upon the ground, by the length of the midship 
beam, taken also within, from plank to plank, and that product by half 
the breadth, taken as the depth; then divide the last product by 94, and 
the quotient will give the tonnage. 

If the length of a ship's keel be 80 feet, and the midship-beam 80; 
required the tonnage. Ans. 382.9787 + tons. 

RuLB 2.— Shipwrights take the dimensions on the outside of the light 
mark, as the ship swims, being unladen, to find the content of the empty 
aUp. But if the meaaore of the ship be taken from the light mark to her 
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fan draagfat of water, when laden, it witt giT« the burden of the sllip ; 
and then the length, breadth, and depth multiplied together, and the pro- 
duct divided by )09 fiir men of war (whieh gives an allowance for guns* 
anchors. See. that are all burden but no tonnage) and by 96 for merchant 
ships, will give the tonnage. * 

N.B. A hundred solid feet make a ton. 

Required the tonnage of a ship, whose length is 300 feet, breadth 50, 

and depth 30. \q 

4m. 4'JS^ tons. 

RuLB 3.— At London, shipwrights multiply the length of the keel by 
the extreme breadth of the ship, taken from outside to outside, and that 
product by half the breadth j apd this they divide hy 94 for merchant 
ships, and by 100 for n^fin of war ; the quotients are the tonnage of the 
Tessels of their ^resp^c^ivc classes. 

Required the tpnna|[e of an^ighty gun ship, the length of whose keel 
is 149 feet 4 inches, and her extreme breadth 49 f6et 8 inches. 

4ru. 1841-86 + tpi^s. 

The follovv^ln^ qpf tbpd is used in tl^ Hoyal Navy :rr 

Rule 4.— Let fe^ll a perpendicular from the foreside of the stern at the 
height of the hawse hules, and another ffoi^ the back of the pain port at 
tlie height of thf wing frauspm \ from the distance betwe^ these per> 

g 

pendiculars deduct — of the extreme breadth, and as fnany ti^es 2% 

inches as there are feet i^ the height of the wing traopom above the up. 
per edge (»f the keel, the remainder is (he ^engtlf uf tbe keel for tonnage. 
Then multiply the length of the keel by the extreme bre:^dtb, and tl^at 
product by half the breadth ; divide this product by 94 for the tonnage. 

Given the length of tl^e {cecl 68 feet, and tb^ extreme breadth S2 ; 
required the tonnage. 6 

Ship-huilding. 

A iji^^n.of.war of 7^ gups rcquire§ about ^MX) ^oads of timber, of 50 
cubic feet each ; worth, at £5. a load, £15,000. A tre^ contains about 
two loads, and 3000 loads would cover fourteen acres. The value of ship' 
ping in general is estimated at £8. or J6I0. a ton. 

It is said that 180,000 pounds of hemp are required for the rigging <^» 

Vate.'^J[lh% above calculation of fourteen acres to a 74 gon ship Is pro. 
htUiy maeh toeloir. it wiU be neacer the troth to suppose each tree to 



SIP 

«intBin fMly a load ftsd • half of timbtr, jHiid that ev«ry Mr» ooBtalat II 
trees fit for naval purposes ; this gives 57 acres of land for a li fan thif. 
See Report ofihe Board of Commiuionert of Woodt and Forests, 1812L 

SHOT, pOe of. 

Shot or shells are nsoally piled np in a pyramidal form, the base beiof 
an equilateral triangle, square, or rectangle. 

The following formulae give the total number of balls In any of thcsa 
l^les:— 

TH».g»tor pik = «-(»4-y("+ .iI. 

EectangnhrpU. = '»•(»'-» •'■) Pj- "»+') . 

VBliere n in the two first formnln denotes the number of balls in the 
tide of the base ; and in the last n is the number of balls In the length of 
the base, and m the number of those in the breadth. 

SHOT, weight of. —(HtOton.) 

I/et W be the weight in pounds, } = diameter in inches, thea 

Iniron balls, W = ^ X J». 

Inleaden, W = ~xa». 

In ironj^eUs, if D and 1 be the extornai aad ia^tmal dlaaatara, W 

«=~X(D«-J».) 

SHOT.— 5^ OtoMMiy. 

SIDEREAL time.--$ee Time. 

SINES, JIgure of. '"See Figure. 

8INES» aHffkmetieof.^See Trigenemetry, 

SIPHON, cteaUUory mUitm efwaUr im.'~(FU^ifidr.) 

1. Let an inverted siphmi, partly filled with water, ba com po w d of 

tiireereetiUnear tubes of equal diameters, «f which the interapediateMia 

if harisontal, and the two others indined to the horinm at any an|^ 

,¥\ and let an oielUatory motion be communicated to the waters rf« 

96S P3 
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Quired tlie time of tii« water*i osciUatiiig in either of the left firoBi ^Qm 
lowest to the highest points. 

Lot L = length of the whole canal, g =s 32% feet ; then 



T - ^ J' h 

'- -*^ ^X(8in.«+ sin. 0')' 

"When the two ascending tubes are rertical* 

Cor. Hence if the legs are vertical, the time of one oseillatioB = tiie 
thne In which a pendulum would vibrate, whose length is | L. 

2. The vibratory motion of water in the form of waves may be com- 
pared to the above reciprocation in a siphon or bait tube. And hence if 
a be the altitude of a wave, and b half the breadtii, the time of one undo- 
lation, ie. the time, from the wave being hij^ieet at any point, to its 
being highest at that point again. Is 

^2g 
and the ^paee which the wave appears to pass over in a second ie 

b V"87 



Cor. 1. If a be neglected, the velocity of the wave becomes i^-^-i^. 
Which Is the velocity as determined by Newton, Frindp. lib. 2. Prop. 4& 

Cor. 2. Hence a pendulum whose length = | Its distance between any 
two consecutive highest and lowest points will make two vibrations 
during the time of one complete undulation ; or if the pendulum is four 
times the preceding, Le. equal to the distance of any two consecutive 
waves, the nme of one undulation equals the time In whidi this lattir 
pendulum would perform one vibration. 

SLUICES.--5M Fbtidi. 

SOLARm0fualify.^SeeProe6tnm, 
SOLAR fwan tme.-^See Time. 
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AOLIDS thefio* reguXar, iwface and solidity of. 



Name*. 


Sttrface. 


SoMitff. 1 


Tetraedron 


t* X 1.7320508 


t» X 0.1178513 


Hexaedron 


f*X 6.0000000 


^X 1.0000000 


1 

Octae4ron 


*« X a4641016 


«8 X 0.4714045 


Dodecaedron 


«t X 20.6467^ 


«s X 7.6631189 


Icosaedron 


««Xa660254O 


»« X 2.1816950 



80LI1>S, contents of. 

Let X and y be t&e abscissa and ordinate of any carve i then if r =:: 
-3.14150 &c. 

Solid content = 9rff*dx. 

^x. h Content of cylinder = ry^x. 

S. Content of cope = ]iie3^*x = \i of circumscribing cylinder. 

S. Content of paraboloid =.% rt^x=% drcomscHbing cylinder. 

4. Content of sphere = ^ of circumscribing cylinder. 

5. Content of spheroid round ax. m^. 

ixb* a -. , . iirafb 
= — 3-^— • I^' roiind ax. min. = — . 

6. Content of pyramid = ^ content of prism of the same base and aiti^ 
•tude. 

' Xrtddimu* properfy. 

Let M D E K be any plane figure rerolving 

about an axis xjf in its own plane, then the 

solid generated is equal to the drcumference 

<€le6cribed by the centre of gravity multiplied 

into the are&of the figure. 

Ex, Let D M E K be a drcle, then the solid 
will represent the ring of an anchor ; in this 
case if r = radius of drde, and a = 4 O, the 
0tm = 2 * a X * r« = a»r« ar«. 

jM!7 




sou 

SOUND, velocity o/.—CPha. Traiu. 182a; 

Tlie velocity with which vibrations are propagated through the air, is 
the same that a heavy body would acquire by falling through half the 
height of the homogeneout atmosphere, or that which the atmosphere 
would be reduced to, if it were everywhere of the same density, and the 
same temperature with the air at the surface of the earth. 

The height of tliis homogeneous atmosphere has been computed at 
4S43 fathoms, when the temperature is that of freezing. If this height 
be called H, then r, the velocity of the aerial vibrations, = <^2gH» 
Hence v = 1057, which is too small, see infra. 

The velocity of sound has been variously given by difforoit philoso- 
phers, as appears from the following Table :— 

Feet 

Flamstead, Halley, and Derham ...>.-... 1142 
Florentine Academy »*»>.»#»»»<»»»v<»^>m<wi 1148 

jrrencn Acauemy »»i»^»< »»^»^<<»»<^< *<§ < #wtf»i» w w #><»<» IaJM 

More modem determinations. 
Milllngton 1130 Chili. 

Flamstead*s and Halley *a measure, or 1142, is the one geoera&y as- 
sumed by English writers. . 
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MentU of Mr Goldhtghain'g elaborate series of experiments at Madras, 



Months. 


Barometer 

in 

Inches. 


Thermome- 
ter, Fah. 


Hygrome^ 
ter,dry. 


Velocity 
of Sound 
in a Se- 
cond in 
Feet. 


January, 

February, 

MarcJi, 

April, 

May, 

Jane, 

July, 

August, 

September, 

October, 

November, 

December, 


30.124 
3ai26 

sao^ 

30,031 

29,8^2 

20.907 

29,914 

29,931 

29,963 

30.058. 

30.125 

30.087 


790.05 
78.84 
82.30 
85.79 
88.11 
87.10 
86.65 
85.02 
84.49 
84.33 
81 ..35 
79.37 


60.2 
14.70 

15 .22 
17.23 
19.92 
24.77 
27.85 
21.51 
18.97 

18 .23 
8.18 
1.43 


1101 
1117 
11.34 
1145 
1151 
1157 
1164 
1163 
1152 
1128 
1101 
1099 



Mr Goldingham concludes, that for each degree of the thermometer 
1.2 feet may be allowed in the velocity of sound for a second ; fur eftch 

degree of the hygrometer 1.4 feet ; and for r^th of an inch of the barome* 

ter 9.2 feet He condndea that 10 feet per second is the difference of the 
velocity of sound between a calm and in a moderate* breeze, and 21^ feet 
in a second, or 1275 in a minute, is the difference, when the wind is in th* 
direction of the motion of sound, or opposed to ii.'^See Phil. Trans. 



SPECIFIC Gnmty.^See Graioity sptdfie. 
■SPECTACLES.— 5e« Eye. 
■SPHERE, doctrine of. 

In what is usually called the doctrine of the sphere is merely indaded 
^e solution of the following problem :— 

In a spherical triangle, whose sides are the co^declination D, the co- 
latitude of the place L, the senith distance Z, and two of whose angles 
«re the hour angle from noon H, and azimuth « ; if any three of these 
quantities be given, the other two may be found by the rules and formo- 
Ise of Trigon<Hnetry. 

NFor the solution of the several cBses—see Trigonometry spherical 

SPHERE, Equations to, when the axes are rectaJtgiilar.—.CHamiUon.J 
Let r =z radius, and suppose x', y, %' to be the coordiuates of the cen- 
S69 P4 
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tre, and jr, y, x tho«e of any point on the surface ; then the fenenU equa- 
tion it 

(jr — jf)* + (y— y)« + (« — «')" =r«. 

If the origin be at the centre, x*, y, and m* each = o, and tiie equation 

becomes 

<?• 4. y* + *• = '**• 

< 

SPHERICAL exeett. 

Spherical exeees in Trigonometry is tiie exceH|t>f the sum of the threo 
angles of any spherical A above two right angles. Now in surveying a 
country 'where the sides of the A*s are usually 14 or 15 miles eadi, the 
spherical excess, with a fine instrument, is plainly discemable ; and in 
strict accuracy the sides of the A'« ought to be calculated by the rules of 
spherical Itigonometry, which wouid be a most tedious process, where 
many hundreds of such operations are to be performed. L^endre has 
therefore furnished us witii the fcrflowing rule, which combines sufficient 
oxactness, with all the condsenees that can be expected, via. :— 

A spherical A being proposed, of which the sides are very small witii 
regard to the radius of the sphere, if from each of its angles one-third of 
the excess of the sum of its tiiree /*s above two right /'s be subtracted, 
the angles so diminished may be taken for the /'s of a rectilineal A, the 
sides of whidi are equal in length to those of the proposed spherical tri- 
angle. 

SPIRALSw— rfii^man, Vince.J 

1. I^ralst EqwUiomto. 

In the spiral of Archimedes, let r = rad. vect 9 = Z traced out by r/ 
then 

r = .5—. 0, or r = a 0; if a = 5 — . 

In the reciprocal or hjrperboUc spiral, 

a 

In the logarithmic spiral, 

9 ^ 

r = a. 

In the lltuus, 

The spiral of Archimedes, the reciprocal spiral, and the lituus are par. 
tf cular cases of the equation r = a ^. 
«70 



tf fi be 4., the ipirals begin at the pole, and re(;e«(9 to afi i^ni^a i^9- 
tance $ but if n be *, the spirals begin at an ^finite diatauce, and reach 
the pole after aii infinite number of revolutioQs. 

S. SpiraU to draw tangents to. 

r»di 
Subtaagent = — t — . 

Ms. 1. In Hic spiral of Archimedes r=:a0t 

' rs fS 

.'. Subtangent = — , and hence p =: 



Ex. 2. In the reciprocal spiral, 

Snbtangent = d, and p =z ^^ 



JTjr. 3. In the logarithmie spiral, 

Subtangent = -?- andp ~ar. 

S. Spirals to find the areat of. 

Area = fl.l!i2. 
iE^x. L In the spiral of Anhkiedei, 

..Are.=-j^ 
.Ar. 2. In ttie reciprooal spiral, 

fl. — 5 — = — fl, — 5 — , since « ^ r. J 

.*. Art'a ^ *- ~ + C. 
Soppeee the area to Tauish when t=-h^ then will the area, intercepted 
Wtween two radiiA and r, := ^ (6 — r). 

Bx. S. In the logarithmic spirU, 

Area between two radU 6 and r s •? ^y4 «. ff), «| betef the OMdohM. 
271 ■* Q 



Ex.4h In the litnuf. 

Area = a* log. — . 
4 Spiralttofind the lengths of. 

or dz - - ^ ^ • {p = perpendicular on the tangent)^ 

Ex. 1. In the spiral of Archimedes, 

Arcrs*— fl. dr j a^ + •/« , and .*. = a parabolic arc, whose 

a ^ .. ' ' 

latosrectura is 2 a, and whose ordinate is r (see Rectification.) 

Ex. 2. In the reciprocal spiral. 

Arc — arc of a logarithmic cjxrve contained between the ordi- 
nates b and ;•; the subtangent of the curve being equal to the subtan- 
gent of the spiral. 
Ex. a In the logarithmic spiral, 
Arc= V(l+»»*) (»•-"*) 
JSx. 4. In the involute of a circle. 



5. Spirals, curvature of. 



Arc = -^ (a = radius of the circle). 

£ a 



rdr 
Had. of curv. = 



dp' 

2pdr 
Ch. curv. = -^. 

Ex. 1. In the logarithmic spiral, 

Rad. curv. = — , and ch. curv. :=tr. 

Ex. 2^ In the spiral of Archimedes, 
Rad. curv. =-^—j^'^ 

Ex. 3. In the reciprocal spiral. 



a* 
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Here the rad. orcurratDnlieilHerinADltaiirooailDffi .'. -^^ = 
m iDBnIt;, and dp Is Innnlle or iu>tMu|[. 
Er. Letr — n^, lheawhenip — e,T = a [ — n. n 4. >■ HenM 

SPRINGS iof.teuvunihirio/o/tiro/rtsJirinri^ol—rCrft^ 
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8QllARE3ini/llHiuiii, mrlhoda/.—SeeEgaaliamifCaniiliol. 
SQUARE nwb o/numieri—Set Inroluliox. 
STANDARD w»uuw(.—S« (rei£*t<om(ifeoiiirw. 
STARS, Gi(a;cg-Mo/—('h'«i''.-*'™j 

^ Catalogue o/enFriicipulFixid Stan for Jm. 1, ISM. 
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ST. A 

. >«f six indiQs «iid a qmrter, with a power of 227, and 400 ; vhen Um atert 
t ware detected, he used a gradual variety of powers from 460 to 6000L 

These double stars are divided ihto several different classes. In the 
first are placed all those which require a very superior telescope, the ut- 
most clearness of air, and every other favourable circumstance to be seen 
at all, or well enougli to judge of them. Their distance is so extremely 
amall (seldom exceeding two diameters ol the largest) that it cannot ^ 
accurately measured by the tnicrometer, but may he more correctly es- 
timated by the eye in measures of their own apparent diameters. It 
should be observed, that since it will require no commo^ stretch of power 
and distinctness to see these double stars, it will .*. not be amiss to 90 
gmdaally through a few preparatory steps of vision, such as the follow- 
ing :— for instance, when u Coron. Borealis (one of the most minute 
double star?) is proposed to be viewed, let the telescope be some time he- 
fore directed to « Geminorum, or if not in view to either of the follow- 
ing stars, 5 Aquarii, /t* Draconis, ^ Herculis, a Piscinm, or tAe curiooa 
double-double star i Lyr«e. These should be kept in view for a consider, 
ahle time, that the eye may acquire the habit of seeing such objects well 
and distinctly. The observer may next proceed to the | Urstt Majoiis, 
and the beautiful treble star in Monoceros' right foot ; after these to i 
Bootis, which is a fine miniature of « Geminorum, to the star preceding 
" a Orionis, and to n Ononis. By this time both the eye and the telescope 
will be prepared for a still finer picture, which is nt^oronss Bocealis. It 
will be in vain to attempt this latter, if all the former, at least • Bootis, 
cannot be distinctly perceived to be fairly separated ; because it is almost 
as fine a miniature of i Bootis as that is of • Geminorum. To try stars 
ti unequal magnitude, it will be expedient to take them In some such 
order as the following : « Herculis, « Anrigs, 3 Geminorum, k Cygni, 
I Persei, and b Draconis ; from these the observer may (M'eoeed to a most 
beautiful otgect 1 Bootis. As the foregoing remarks have su^ested the 
method of seeing how far the power and distinctness of oar instruments 
will reach, we may next add the way of finding bow much light we have. 
The observer may begin with the pole star, and « Lyrs, then go to the 
■tar south of 1 Aqail«, the treble star near k Aquilae, and last of all to 
the star following o Aquilae. Now if his telescope has not a great deal 
of good li^ht, he will not be able to see some of the small stars that ac* 
company them. 

In the second class of double stars are put all those that are proper for 

estimations by the eye, or very delicate measures of the micrometer. 

To compare the distances with the m>parent diameters, the power of the 

ttkecope shoTdd not be much less than 800, as they will otherwise be too 

ST5 Q8 



%^dfbttheptirp<Mfe. It wU lie laMdMidY IMM «• iMttisfc oyiM IJM «^ 
msMoii itisAe witb cfnA Ultiitopt cttimot be i^pfieA to ihm6muBL& wMi 
pother, nor can the eetUnatiooa made witli iittereoi powers, though with 
the same telescope, be applied to eadi other } therefore if we would wiah 
to compare any such obaenratioiis tofether with a view to see whether 
»ekange in the distance has taken place, it should be done with the very 
same telescope and power, even with the very same eye-glass or glasses. 

In the tiurd class are placed all those double stars that are mora than 
6 but less than 15" asunder. In the same manner that the stars in Hie 
let and 2d dasses will serve to try the goodness ctf the most capital in- 
etruments, these will aff<N'd objects for telesc4>pes of inferior power, such 
aa^mognify from 40 to 100 times. The observer may take them in thia 
«r the. like order ; C Ursse Maj., y Delphini, y Arietis, «- Bootis, y Virgi. 
nis, / Cas^pesB, /m Cygni And if he can see idl these he may pass over 
iat^ the second class, and direct his instrument to some of tiiose that ara 
4^o|nti>d out as objects for the very best telescopes, where he will soon 
find the want of superior power. 

The 4th, ^th, and 6th classes contain double stars that are Drmn 15 to 
SO"; frbmSO" to 1', and from V to 2' or more asunder.-J'AiJL 3>wtf. oat 

'Pbr ali^t of a few of the most remarkable double tthrs-^M* THUteifplf. 

Cataioffue oftvoenty-eight changeable $ta/ra.'^(Saron de Zaeh.J 

Right Ascensiali Dedinatioa 
Karnes of Stars. in 1800. in 180a 

46 Andromeda, ■■>..■.«>«»». .*. » » o .»i« lAll' 44'>S9'N. 

• ■Balasnae Mira, «»«—m*^*»^m»,mm» 2 09 S M 8>. 

^ Fevsei Algolf «»*<»«<».■»< # *>»>*»» « «« 2 5& '40 '11 If. 

Vnicovn, ♦.v»»Mi<»i»««»»»i«»»«i»»i> m ««'—<><iii«ww o x9 3 ^oi 

'5 23^CftflisM^r, ^> ^ 6 55 15 'Zl 

l;eo 420 Mayer .«>#*..>.^<>»».,.>>«.>. » 9 37 12 ?1 

iv c Virgo, »'«iw«»*«iw»*»<«i>i«««»«iiw»*»«ww»»ii L^ lu 4 <cu a, 

AU Virgo, «»<»«ii>»«w»i»i«»w«iM»i»»»«»*»«««>« * » *»**»»»» kd oy o ud pi« 

Virgo, *' ^ **4 V 00>»**0'**9^ ** 04'*>0* *^f* * *' f** w» I4} Uv Ao *o 9. 

tt 2iy(u*a — w»w »>»»* « «»«*«»»*» »«»»i»«<»»w» Id 111 tSU 13 9. 

cfi Virgo, » **»»*»»»*»»*»* » »*»<»»» • »*» * *»»» 1'* vSj o d< s. 

£oote8, ' «•*«■>...... , „ *0m»>*»t^<0*» 14 04 12 £7 N. 

2^0 



feT« 



B VliigOf ' »»wi>i»w»<* w * m ill m *** m *M*0t*r* * t 14 8T 

fiO Sobieski's Shield. .»., * 18 X 

w jB x^yrft} <i»i»»<»*»»w»««<<»»< » «»»*><»»«w<»i« J 8 43 
84 r Sagittarius, i.i^>..,.,>,>..i»,. , 18 43 

Swan Nb. fiMu P. w(>.»,>^,a»,«><ti,». 19 41 

S5 Southern Fish, »».«. i,....>#,.^ 19 43 

2vv owai^ uea* ^ ^»*#t»w »#.#^m ^^ ^^^^ < #^^w Su tv 
l/epfieUB, # » »».>^»»»i> n »»«. « i^,<^„ „ '22 28 
A^uanuSf »»»»i»<i»i»i>i*»»«»«<<»*» « w « >i nn g« n ML z3 24 



InMOa 
8619Sw 
SSSN. 

SS 57 N. 

i4a8K. 
654& 

S3 08K 
26 32S, 

aidij. 

32 67 A 
OSON. 
S3 CSS. 
S7 25N. 
5<7!?8 
16 23 



Of tWaoatohgneef Variable Stew, Nos. 8,3^7, 1!,18»19,£(V jB^24, 
fluad ^ belong to the list of fifteen as given by Mr Pigott. Some of tha 
otiiers belong to the list of those which he suspected to be Variable. 

STARS, clusters of.-^See Nebuloe. 
STEAM, eUuticity and density of.^EHtye. Brit. Sfip.) 
Let E be the No. of atmospheres expressing the «laatiuityy / tin tam. 
perature reckoned from 2I20 ; tlien 

E = (1 -f. ,004/)* 

Prom hence is obtained the following Table of the elastlcitips andden- 
aities :— 



Atmos. 


Tempe. 


Compar. 


Af.mos. ' 


Tempe- 


Coinpnr. 


pheres. 


rature. 


DeTisihf. 


30 


rature. 


De.isiti}. 


1 


25£0 


l.OCO 


456 


21.034 


2 


?49 


1.8i.6 


40 


4S5 


'Jy.-/10 


3 


£73 


2.712 


50 


5o9 


St.3S3 


4 


i:92 


a.v>5- 


fiO 


6<9 


40. W I 


5 


307 


4SS6 


70 


r.n 


4/;..'.S5 


6 


3:30 


5 150 


e-o 


^.M 


5'.093 


7 


S31 


5.9i7 


90 


b-i1 


tT.-^etf 


8 


S41 


6.6'-e 


I CO 


500 


6r.37l 


9 


S50 


• 7432 


1*"00 


?r»7 


1- ■ 23 


10 


SJ5 


81-70 


kTKX) 


1105 


^h-A 


15 


S83 


11.620 


3000 


i-:02 


iKo.':/*) 


£0 


' -J.! 7 


15:?3:i 
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BtJN 

>7b<&.-^BerB0tilUi mOum the expAOtiye force of gnnpowder equal (o 
10,000 atmospheres ; Rumford, from the bursting of a 'birr^ of iron. 
60,000, from some more direct experiments frmn S0,000 to 40,000. Th« 
utmost that can be jastljr inferred from the bursting of the barrd ia in 
reality about 30,000, since the tension could by no means be equal througl^^ 
every part of its substance.— >r Young** Nat Phil J 

STEELYARD.— Stfc Lever. 

m 

STILE nciff.— Sec Calendar, 

STRENGTH animoL-^See Animal strength. 

SUBNORMAL, formula for. 

Let X and jf = abscissa and ordinate of any curve; tJieii 

Subnormal = ^, ^ . 
dx 



andnonnal = yx TT"^^ - ^ ^ ^ + Tx^' 

Ex. Let the curre be the common parabola, then subaormal ss •—, and 

/ — iX 

normal = v y•^ — j- , where L = lat rect 

SUBTANGENT.— 5« Tangent 
' SUN eclipses of'— See Eclipse. 
SUN elements of^See Planets elements tf. 
SUN, tt^le oftnean right ascension of'^See THme. 
SUN, time of passing Meridian.-^See Timt. 
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TABLE L 
8aii*S ^ght Ascension for erery Day ili the Tettk* 1^. 



J>ixjfL 


J'ahttttfy. 


Pehruaiy. 


Match. 


ApHL 


Udiy. 


Junt. 




. h in ? 


.h m B 1 h m « 


h m k 


h m e 


h m 8 




(8 44 5 
8 48S9 


20 56 36 


22 40 40 


43 U 
46 40 


2 34 27 


4 37 12 




21 141 


22 5S24 


2 S6 16 


4 41 18 




85ii 55 




i2W 7 


50 2')' 


2 42 6 


4 45 24 
4 40 31 




8 57 10 


21 $47 
21 12 50 


23 51 


054 6 


2 45 56 




9 1 48 


23 4 38 


57 ^ 


2 40 47 


4 63 S8 




19 6 7 
19 10 30 


21 16 51 


23 6 16 


1 1 24 
1 i 8 


2 53 38 


4 67 45 




^1 20 51 


Ens7 


2 57 30 


5 1 52 




19 14 52 


21 24 51 


23 15 39 


1 8 42 


3 1 28 


5 6 
5 l5 8 




19 19 14 
19 23 36 


^1 28 50 23 \Q 20 


1 12 22 


3 5 16 




21 32 48 23 28 1 


1 16 £ 


3 10 


5 14 17 




19 27 OT 


21 36 45 1 $3 26 41 


1 1^42 


3 18 4 


5 IS 25 




19 32 17 


21 40 48 23 SO Si2 


1 23 23 


3 16 53 


5 22 34 
5 26 43 




19 36 37 


21 44 38 
21 48 38 


23 34 1 


1 27 3 


3 20 55 




19 40 57 


23 37 41 


1 SO 45 


3 24 51 


5 30 52 




19 45 15 


21 5^ 27 


23 41 21 
23 45 


1 34 26 


3 sd4a 


5 35 2 




19 49 38 


21 56 21 


1 38 8 


3 32 46 


5 30 11 




19 58 50 
19 56 7 


22 14 ^ 23 48 39 
22 4 6 23 52 18 


1 41 50 


3 36 43 


5 43 20 




1 45 38 


3 40 42 


6 47 30 




20 2 23 


22 7 57 23 55 66 


1 40 16 


3 44 40 
3 46 40 


5 51 80 


£0 


20 6 38 


22 1148 2i50 35 


1 5? 50 


5 35 40 


21 


20 10 52 


22 16 38 


8 13 


1 56 48 


3 52 40 
3 5G41 


5 59&0 


S3 


20 15 6 


22 19 27 


5 61 


2 27 


6 4 8 


23 


20 19 19 


22 28 16 


10 29 


2 4 12 


4 04i2 


6 S 13 


24 


20 23 31 


22 27 4 


14 7 


2 7 57 


4 443 


6 Ji 27 


25 


20 27 42 


22 30 52 


17 45 


2 11 43 


4 d4S 


6 I6S6 


2« 


fOSl S2 


22S4S8 


21 M 


S 16 20 


4 12 46 


«£0 4& 


27 


20 36 1 


22 SS 25 


25 1 


2 10 15 


4 16 51 


6 24 54 


28 


20 40 10 


22 42 10 


28 39 


2 23 2 


4 20 54 


6 20 8 


29 


20 44 l| 


22 45 55 


32 17 


2 26 50 


4 24 58 


633 U 


SO 


20 48 2& 




085 55 


280 38 


4 2© «- 


6 87 20 


N 


20 52 SI 




080 83 




4 33 7 J 



rt9 



SUV 



Days. 


July. 


Jugtut. 


September. October. 


NofBember. 


December, 




h m 8 


h in 8 


h m 8 1 h m 8 


h ra 8 


h in a 


1 


6 41 £8 


8 46 14 


10 42 14 


12 30 19 


14 26 30 


16 30 36 


2 


f>45 3« 


8 50 6 


10 45 52 


12 33 57 


14 30 35 


16 S4 56 


3 


6 49 41 


8 53 58 


10 49 29 


12 37 35 


14 34S2 


16 »> 16 


4 


6 53 51 


8 57 50 


10 53 6 


12 41 13 


14 38 30 


16 43 37 


5 


6 57 58 


9 1 41 


10 56 43 


12 44 52 


14 42 28 


16 47 59 


6 


7 2ft 


9 5 31 


11 0£0 


12 48 31 


14 43 27 


16 52 21 


7 


7 6 11 


9 9 21 


11 3 56 


12 52 11 


14 50 27 


16 56 44 


8 


7 10 18 


9 13 10 


11 7 33 


12 55 51 


14 54 88 


17 I 7 


9 


7 U 23 


9 16 59 


11 11 9 


12 59 31 


14 58 30 


17 5 31 


10 


7 18 29 


9 20 47 


11 14 45 


13 3 12 


15 2 33 


17 9 55 


11 


7 22 34 


9 24 3* 


11 18 £1 


13 6 53 


15 6 36 


17 14 £0 


12 


7 i6 38 


9 28 21 


11 £1 56 


13 10 35 


15 10 41 


17 18 44 


13 


7 30 42 


9 32 7 


11 £5 32 


13 14 17 


15 14 46 


17 £S 10 


U 


734 46 


935 53 


11 £9 8 


13 18 


15 18 52 


17 £7 3ft 


15 


7 38 49 


939 38 


1 1 32 43 


13 21 44 


15 22 59 


17 32 1 


Iff 


7 42 51 


9 48 £3 


11 36 19 


13 25 i8 


15 27 6 


17 36 27 


17 


7 46 53 


9 47 7 


11 39 54 


13 £9 12 


15 31 15 


17 40 53 


18 


7 50 55 


9 50 51 


11 43 29 


13 3^ 57 


15 35 £4 


17 45 19 


19 


7 54 55 


954 34 


11 47 5 


13 36 43 


15 39 34 


17 49 45 


$0 


7 5S 56 


9 58 16 


11 50 40 


13 40 £9 


15 43 45 


17 51 12 


SI 


8 2 56 


10 1 58 


11 54 16 


13 44 16 


15 47 57 


17 53 39 


22 


8 655 


1» 5 40 


11 57 51 13 48 3 1 


15 52 9 


18 3 5 


23 


6 10 53 


10 9 21 12 1 £7 ! 13 51 52 I 


15 56 22 


18 7 31 


H 


8 14 51 


10 13 2 12 5 3 


13 55 41 


16 36 


18 11 59 


?5 


8 18 49 


10 16 42 12 8 39 


' 13 59 30 


16 4 51 


18 16 25 


S« 


8 22 45 


10 £0 £2 


12 12 15 


14 3 21 


16 9 7 


18 £0 51 


£7 


8 £6 42 


10 £4 2 


12 15 51 14 7 12 


16 13 93 


18 £5 17 


58 


830 37 


10 £7 41 


12 19 £8 14 11 4 


16 17 40 


18 29 44 


59 


8 3* 32 


10 31 £0 


12 £3 4 1 14 14 56 


16 £1 58 


18 34 10 


SO 


8 38 £6 


10 34 58 


12 £6 42 


14 18 50 


16 26 17 


18 33 35 


SI 


8 42 20 

1 


10 38 36 




14 22 44 




18 43 1 



This Table is aliptsl to L'?ap Year, partlcalarly the year 1928, and b 
only intended to answer the purposes of information when no great de- 
gree of accuracy la required, and the Nautical Almanack not at hand. 

In order to adapt it to common years, one-fourth of the diffisrenee be- 
tween the given and preceding days is to be subtracted from the right 
ascension in the table for the first after Leap Year, oneJialf for the se- 
cond after Leap Year, and three-fourths for the third ; and in the months 
of Janoary and February, the right ascension is to be taken for the day 
following that given. 

This Table may be employed in finding the apparent time by the altL 
tndn of a star, for finding the tim3 of a star's transit when that it refolr- 
4t^ for obtaining the latitude by a meridian altitude, &c; 
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TABLE IL 
San*8 Declination for every Day in the Year 1829. 



Dayt,. 


Jarmary. ^Fehrvxrry. 


March. \ 


April. 


May. 


June, 


South. 


South. 


South. 


North. 


North. 


North. 




^ t It 


» '/ 


/ // 


e / " 


< // 


ail/ 


1 


23 4 22 


17 17 44 


7 28 10 


4S8 49 


15 9 11 


22 5 43 


2 


22 59 'i9 


17 43 


7 5 18 


5 1 52 


15 27 8 


22 13 S7 


S 


22 54 8 


16 43 13 


6 42 21 


5 24 50 


15 44 50 


22 21 7 


4 


22 48 20 


16 15 46 


6 19 18 


5 47 43 


16 2 17 


22 18 14 


5 


22 42 5 


16 7 53 


5 56 9 


6 10 k9 


16 19 17 


22 :n 57 


6 


22 S5 23 


15 49 42 1 5 32 56 


6 31 9 


16 SO 22 


22 41 17 


7 


22 i8 14 


15 31 15 


5 938 


6 55 43 


16 53 


22 47 12 


8 


22 10 :i8 


15 12 32 


4 46 15 


7 18 10 


17 9 22 


22 bi 44 


9 


22 12 36 


14 53 34 


4 22 50 


7 40 SO 


17 25 16 


22 57 62 


10 


22 4 8 


14 ;U il 


3 50-^1 


8 2 42 


17 41 13 


23 2 36 


11 


21 55 14 


14 14 53 


3 35 48 


8 24 46 


17 f'd 43 


23 6 55 


\2 


21 45 54 


13 55 10 


3 12 13 


8 46 42 


18 11 54 


23 10 50 


13 


2l 3H 9 


13 35 14 


2 18'36 


9 8 19 


18 26 48 


23 14 20 


14 


21 25 59 


13 15 5 


2 24 57 


9 30 6 


18 41 22 


23 17 26 


15 


21 15 24 


12 54 43 


2 1 16 


9 51 % 


18 65 38 


23 20 7 


16 


21 4 24 


12 34 8 


1 37 35 


10 12 51 


19 9 35 


23 22 24 


17 


20 53 


12 13 21 


1 13 52 


10 34 2 


19 23 12 


23 24 16 


18 


20 41 13 


U hi 22 


50 10 


10 55 1 


19 36 29 


23 25 43 


19 


20 i9 2 


11 31 13 


26 27 


11 15 48 


19 Hi 27 


23 26 45 


HO 


20 16 27 


II 9 52 


2 45 8 


ir 36 14 


20 2 4 


23 27 22 


21 


20 3, SO 


10 48 "H 


20 56N 


II 56 49 


20 14 20 


23 27 35 


22 


19 50 11 


10 26 41 


44 36 


12 17 1 


20 26 16 


23 27 i2 


$3 


19 36 29 


10 4 52 


1 8 14 


12 37 2 


20 37 51 


23 26 45 


24 


19 22 26 


9 42 52 


1 31 50 


12 56 50 


20 49 5 


23 25 44 


■ 25 


19 8 1 


9 10 44 


1 55 24 


13 16 25 


20 59 57 


23 24 17 


£6 


18 53 16 


8 58 28 


2 18 56 


13 35 43 


21 10 28 


23 22 26 


i7 


18 S8 10 


8S« 5 


2 42 24 


13 5* 56 


21 20 36 


23 20 10 


£8 


18 22 43 


8 13 33 


3 5 49 


14 13 51 


21 30 23 


23 17 30 , 


29 


18 6 57 


750 55 


3 19 10 


14 32 32 


21 3}» 47 


23 14 25 


30 


17 50 52 




3 bi 27 


14 50 59 


21 48 49 


23 10 56 


SI 


17 84 27 


' 


4 14 40 




21 57 S8 
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Dojft. 


July. 


■ 

August. 


September 


October. 


Noven^er 


December. 


North. 


North. 


North. 


South. 


Boath. 


South. 




(I / // 


e * '/ 


Q 1 tl 


g . „ 


« 1 n 


r ' " 


1 


S3 7 3 


17 50 28 


8 13 9 


3 16 33 


14 31 39 


21 53 ff 


« 


83 2 44 


17 44 9 


7 51 16 


3 89 51 


14 50 44 


88 1 9 


3 


S2 58 2 


17 28 33 


7 29 15 


4 3 7 


15 9 35 


28 44 


4 


S2 52 56 


17 12 39 


7 7 6 


426 26 


15 28 11 


22 17» 


6 


22 47 26 


16 56 29 


6 44 51 


4 49 SO 


15 46 32 


28 25 87 


6 


S2 41 32 


16 40 2 


6 22 28 


5 12 36 


16 437 
16 82 26 


8 82 54 


7 


28 35 14 


16 23 19 


569 59 


535 39 

568 37 


88 ^ 45 


8 


28S8 33 


16 6 21 
15 49 6 


537 25 


16 89 69 


28 16 9 





22 21 29 


5 14 44 


6 2131 


16 67 14 


28 68 6 


10 


28 14 1 


15 31 36 


4 61 59 


6 44 19 


17 14 12 


88 67S6 
88 8» 


11 


22 6 11 


15 13 53 


429 8 
4 6li 


7 7 2 


17 SO 52 


18 


21 ^58 


14 55 53 


729 40 


17 47 14 

18 3 18 


28 7 18 


IS 


21 49 22 


14 37 39 
I 19 11 
1 30 
i 4IS5 


9 43 13 


752 11 


Bll 01 


14 


21 40 S3 


BiO 


$14 35 
8 si 62 


18 II 8 


28 15 P 


1ft 


21 31 3 


§57 8 


18 34 27 


M IS ]s 


16 


21 21 20 


8 33 51 


969 8 


18 40 38 


u 20 $ 


!l 


21 11 16 
21 50 


r 22^7 

!; i 7 


8 10 38 
1 47^ 


9 21 4 

048 58 


19 417 
19 18 41 
19^44 


§24 50 


11 


20 51 3 


12 43 35 


1 24 4 
1 043 
037^ 


10 4 43 


28 2610 


20 38 55 


12 23 50 


10 26 19 


19 46 2^ 


88 27p 


St 


20 27 26 


W 364 


10 47 46 


19 69 47 

20 12 46 


23 27iK 


92 


£0 15 36 


11 43 4| 


13 59N 
925$ 


11 9 3 


88 27 97 


9$ 


20 327 


1 23 28 


U 80 10 
1161 7 


20 25 28 


P2668 


24 


19 50 57 


^32 50 
I 43 4 


20 87 85 
1^0 49 26 

21 las 

91 11^ 
2122 36 


23 25 51 


S6 


19 38 7 
19 24^ 
19 11 30 


liO 42 ]§ 
10 21 28 
M) 28 


18 1153 
12 32 28 
12 62 51 
18 13 8 


23 24 81 
^82^ 
2$ 19$ 


SO 


18 57 42 


9 39 18 


2 62$ 

3 29 51 
368 19 


28 17 


$0 


18 43 36 


9 17 69 
8 56 SI 
8 34 64 


13 5^47 


81 ^52 


2$l3flflrl 


SO 


18 29 11 


81 18 49 


3 9tf| 


81 


18 14 29 




141920 




3 ^m 






\ < 


i 1 1 



This Tablf , Vke the last, is for the ytar 18^ or Laip Ihm. lUm < 

■ V^WW8 •V» w>"y ^^99f9m y^^^ ' 
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8UN*S SsmidiameUr, ^c^fNaut. Aim.) 

TABLE, 
OfSun*t Semidiameter, and of the time of his temidiameter p/^uing' the 

wendian. 



I 1 1 

Semi- 
diameter. 



Time of , 
fun*g I d7am Semi- 
passing diameter, 
Meridian 



Time of 
Sun's i diam\ 

passing 
Meridian. 
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SVi!*S paraUax in cMiiude. 



Altitude, 


, Parallax. 


Altittide. 


Parallax. 


00 


9" 


COO 


4" . 


10 


9 


(•5 


4 


to 


8 


70 


3 


30 


8 


75 


3 


40 


7 


80 


2 


50 


6 


85 


1 


55 


5 


flO 






SURFACES of Solids. 

Let y = ordinate of any curve, z — length j then 
Surface = fl. 2 jrydz, 

Ex. 1. Surface of cone = 2 t 6 X j, where 6 = i base, and t = slant 
aide, = circumference of base X i slant side. , 

2. Surface of sphere = 4 ir r« = four times the area of one of its great 

circles. , 

_ a-, (4y« -t- ai\ rat 

3. Sarface of paraboloid ^g^^ — -q-. 

4. Surface of cycloid = -^-j^ (« = diameter of generating drcto.) 

Culdinus* property. 

Let M D E K {tee Fig. Art. Solid) be any plane figure, rerolving about 
an axis xy in Ite ojyn plane -, then the area of the surlace generated by 
the perimeter of this figure, is equal to the circumference described by 
the centre of gravity of the perimeter multiplied into the perimeter. 

Ex. Let i) M E K be a circle, then the solid will represent the ring of 
an anchor, and if r = radius of circle, and a = A O, the surlMa = 8 • « 
X 2 ir f = 4 »* a r. 

SURVEYING. 

I, Surveying Land. 

I. The area of a triangle = base X | p€rp«idlcnlar altitude : of -= fh« 
product of any two sides X natotal sine of their indu^M I j or whea 
thr«e aides A B, AC, B C are given, their half sum b«ing 8| 

y f 8 X (S— AB) X (8— A C) X (8 — BC)} 

£81 
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S. The area of a frapezlum = base X | snm of the perpendioalari. 
And the area of a trapezoid = | sttm of the parallel sidets X perpendioular 
distance between them. 

S. To find the area of any irregular polygon, divide itinto trapeziums, 
or trapezoids, or triangles, and find tlieir areas separately ; and their sum 
is the area of the pulyg-on. 

4. To find the area of a long irregular figure "Eg Dp bounded on one 
•ide by a curve. 

Divide ED into any number of equal parts, and measure the perpcn. 
dicultirs, noipg^rs, tv Ike. then the area is found nearly by tidding to- 
gether all the perpendiculars, dividing the sum by the number of per. 
pendiculars increased by unity, and multiplying by the chord of the 
curve. 

5. To find, by the fore^fo- 
ing rules, the. content of 
the irregular field ABCDE, 
which will include most of 
the cases likely to occur in 
practice. 

Find the area of the tra- 
pezium A B D Eby Art. S, 
the A B D C by Art. 1 j and 
the curvili near areas E y D, •A B 

E6 A by Art. 4 ; add the three first areas together and subtract the last, 
for the content of the field. . , 

Land is measured by a chain 22 yards long, and divided into 100 equal 
parts or links, each link being 7.92 inches : 10 square chains, or 100,000 
cqoare links, is one acre, viz. :— 

62.') square links is 1 perch. 

25,000 square links or 40 perches, I rood. 

100,000 square links or 4 roods, 1 acre. 

The perch (which in statute measure is 16} feet) varies by custom fa 
different parts of England ; and with it, consequently, varies the acre in 
proportioi). 

In Devonshire and part of Somersetshire, 15 j in Cornwall, IS ; in Lan. 
rashire and Yorkshire, 21 j and in Cheshire and Stafibrdshire, 21 feet art 
Accounted a perch. 

S85 
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Hflftoe tbe f«Uowh)g Table wiU give the &umber of square fe«t la » 
«|««re percb, io the above-mentioned coanties. 

Statute perch 1B,5 X 16.5 = VIS J5 a^iuart fMl 

Devonshire perch «. 15 X 15 = 225 do. 

Cornwall perch 18 X 19 = ?24 . do. 

Lane, and Yorka. perch 21 X 21 = 441 do. 

Cheshire and Staff, perch 24 X 24 = 676 do. 

Eulesfor reducing StattUe Mecuure to Customary ^ and the contrary. 

1. To reduce statute measure to customftry, multiply the tianiber 
of perches statute measure, by the square feet in a square pert- h statvtft 
measure j divide the product by the square feet in a square perA eoft. 
tomnry measure, and the quotient wHl be the ansirer insqaart perckesi 
which reduce to roods and acres, by dividing by 40 and 4 

2. To reduce customwy measure to statute, nnltiply tiM nomber of 
perches, customary measure, by the square feet In a square perch etuta. 
mary meaaui-e j divide the product by the square feet in a f^^oMn perch 
statute measure, and the quotient will be the answer in square fercliei; 
which reduce as before. 

By these rules tables may be cideulated to save the trouble of cotd- 
puting for particular cases ; thus, 

TABLE t 
To reduce Statute Measure to Cust6marff of'il feet to apercK 

I I II > II ■■tlM^M— ^— <1MJ— ^^» 



Stat. 
Acre. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

20 

SO 

40 

M 



Customary. 

A. B. P. 




1 
1 

2 
S 
3 



2 

3 
1 

2 



4 I 
4 3 



5 
H 
12 
18 
ft4 
SO 



2 

1 

2 
2 
S 



1S,7 
37,5 
lfi,3 
.S5,0 
13,9 
3^6 
11.4 
30,1 

8,9 
S7,7 
15,4 

3,1 
.«?(>,« 
J6^ 



Stat. 
Rood. 



1 
2 

3 



Slat. 
Perch 



Cuttomory, 
E. p. 



24,7 

1 9,4 
1 34,1 



Customary. 



p. 






I 

5 
10 
15 

20 
1'5 
SO 
35 



0,6 
3.0 

12,3 
15,4 
16,5 
81,18 



SUB 



TABLE ir. 
r# reduce CmUmary Measure ©/21 feet to a perch, to StattOt. 




1 


1 2 


2 


3 


3 


4 3 


4 


6 1 


5 


8 


6 


9 2 


7 


11 1 


6 


12 3 


9 


14. 2 


10 


16 


JO 


32 I 


SO 


48 2 


40 


B4 3 


50 


80 3 



19,17 

39,Ji 

17,44 

3^,61 

I5,8t 

34,83 

14,8 

33,28 

1<>,48 

31,68 

a3,36 

15,4 

38,83 

38,58 



Statute. 
A. R. p. 





1 24,79 

3 9,58 

1 3^,39 

Stfttute. 
R. p. 



1 
1 
1 



J,6I9 

8,099 

16,193 

24,-297 

3i?,39fi 

0,495 

8,59 i 

16,693 



Er. 1. Tn 36a. la. lOp. statute how many acres, &c. customary meatore 
of 21 feet to a perch f 

Reduce to perches, which will be found 5810, /. 5810 X 272,25 = 
ia>l77?,50} this dlvidfd by 441 gives 3588,7 perches; divide by 40 and 4 
and the result is 22a. 4 a. 26,7p. The same answer may be had from 
Table I 

E.v. 2. Reduce 2-2a. Ie. 27p. customary, to statute measure. 

Here the number of perches is 3587, which, multiplied by 441, and di- 
vided by 272 25, gives 36Ac Ir. IOp. The same result may be obtained 
from Table II. 

IL Surveying TtigonometricaXly. 

1. These large surveys have been undertaken principally for the ac- 
complishment of line or other of these three objects, viz. (1) For finding 
the difference of longitude between two moderately distant and noted 
meridians, as the meridians of the observatories at Greenwich and Paris. 
(2) For the e^act determination of the principal places in a country, with 
a view to give greater accuracy to maps. (3) For the measurement of 
a degree in various situations, in order to determine from thence the 
figure and magnitude of the earth. * 

These important objects can only be attained, by the greatest possibla 
d^ee of accuracy in the instruments employed, the operations perform^ 
ed, and the computations required. 
287 Q4 
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The foUowing must only b« eoMMerei a mere outtine of the metiiod 
punned in MirTeyiBg a oeoatry: the nicettee mgw i ry U he attended 
to, in order to render euch survey available for ecientiflc purposes, can- 
not be here described. 

2. To carry on a measnreroait by a series «# tr&aoglet. 

,Let a base line A B be measured,* 
and having fixed upon two objects C 
and D, observe the /*» B A C, B A D, 
ABC, ABD; then in the A ABC, 
the /'s B A C, ABC, being linown, 
their supplement A C B Is known, .'. 

A C and C B may be found by Case I. -____^__^^ 

Plane Trigonometry. The relative A JB 

bearings and distances therefore of A, B, C are thus determfa^ed. Again 
in the A A B D, the 1*b D A B, D B A being known, A D B is known, 
and .*. D B may be found. Lastly, in the A D B C, the sides B C, B D 
and the included ^ C B D are known, .*. the remaining /*s B C D, B D C 
may be found, and consequently also the side C D (soe Ca^e 2. Plane 
Trigonometry). The bearings .'.and distances of B, C, D are also known. 
In the same way, by considering either AC, CDorDBasa new base, 
and fixing upon two other points ; the measurement may be continued 
at pleasure. 

In conducting geodetical operations, the foUowing rules by Hntt(»i 
should be observed, to diminiish the probability of error. 

(1) When one side only of a triangle is to be determined, the measured 
base should be nearly equid to the required side. 

(2) When two sides of a triangle are to be determined, the triangle 
should, if possible, be equilateral. 

(3) When the base cannot be equal to one or both the required sides, 
it should be as long as possible, and the two angles attbe base equal, aad 
not less than 20 ur 30 degrees. 

In the late survey of Englapd the base first measured was upon Houn- 
bIow Heath. By continuing the measurement to Salisbury Plains, the 



• To reduce a base on an pl»»vatpd level to that at the surface of the 
eea, let r = rad. of earth at the surface of the sea, r 4. k ttie mi. referred 
to the level of the base measured, the altitude k being determixed by> 
tho barometer, B the length of the measured base at the altitude A, thott 

B h 
fte omreotion is nearly, whif-h must be subtracted from the 

sured base, to give the true baiJc at the level of the sea. 
?8e 
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tot««. of twoobJ«t. w« ther. f.a.d by «.e«l.B.n *• «« ^^^J^ 
™d bv.ortu.l.dme-'™"'*"*. thodUtance was found tob«36»rMfeet, 
"ff^ringTery littl. ».« than » i»eh fromthe »"P" «*<•"»""• . . 
We .h«U .lose thU necessarily imperfect article with the mcthoda of 
fl„«^g the diXence of lungitodes and difference of ladtude. of place, 
tpou fhe canh-s surface, as practiced in the late government .nrvey rf 
lhl3 country. 

Dijerence of Longitude. 

Let Pbe the pole, LG the circle described by the ^ 
pole star, A and B the two places. Take by the in- i 
strument the Z G A B = / contained by B and the 
pole star when at its greatest azimuth j then knowing 
PA, P G, we may find PAG the greatest azimuth, 
which added to GAB gives P A B ; hence in the 
spherical A P A B, we have PA, P B and / P A B to 
find /, A P B the difference of longitude. Hence if A 
be Greenwich, the longitude of B is known. 

N.B. For four minutes either before or after the pole star's greateit 
Mongation, it moves only about a second in azimuth ; hf>nce a good 
pocket watch gives the time of greatest azimuth with sufficient accxamef 

Difference of LatUude. 

In finding the difference of longitude above, the latitude was nippoMd 
known } this was found by geometrical admeasurement tiins. 

Let A, B, and C be tluree placec, A F the 
meridian of A. Find the / B A D = supple- 
ment of / F A B in the former fig^ure (and 
which may be found, if A's latitude* u known, 
\ aa was shewn in the last Article) ; and find by 
observation A B, B C, and /ABC; then ia C' 
the A A B D we cam find A D in feet, and .*. 
(knowing the dimensions of the earth) in seconds, which^ves the dif- 
ference of latitudes of A and B. Again, in the A C B E, we have C B O 
the supplement of ABC and GB£ (t= B AD) and .*. CBE; henea 
B £ may be found, and .'. A F, =i dlfiference of latitnde of A and C ; 
and thus we may proceed tlirough any number of A*s. If A be Green- 
wich, or any place whose latitude is accurately known, the latitude of 
the rest will be had. 

In the same A's, we can also find B D, C F, 6r the perpendicolar dis- 
tance of each place from A's meridian;- 
The latitudes thus determined ara nu^e acoorata tiiiA thoM dsdooed 
980 B 
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This will also give the time between two oppositions, or between any 
tfvre similar rftaationA 

Cor.S\ncet = rs^,p = -II-. ' 

Therefore, from the earth's period (P) known, and the syaodW C*) Hb- 
eerred, we can determine the periodic time (/?) of the planet. 

For the synodical periods of the planets-^f e Planets elements of. 

2. To find the same for three bodies. 

Let T = time between the conjunctions of the 1st and 2d foun44» 
«bove J * = do. between the 2d and 3d. 

Then if m = least common multiple of T and /, w = time bctwewi tw*- 
«oDj unctions of the thr^e bodies. 



TANCJENTS, method of drawing, 

1. Method of drawing a tangent to any curve, whose equation Is gireit 
Let jr and jr •= abscissa and ordinate ; then 

Sub tangent = ■— — . 

Ex. 1. In parabola, subtangent = 2 jr. 

2. In circle and ellipse, subtan. — ^^-£.r!l£!. 

•a -^x 

a In hyperbola, subtap. =. ^ -^ 4- f* 

2. To find the equations to the tangent and normal 

Let y = a jr* -f. 6 be the equation to the tangent j then a — -J^. 

ex 

«lso since the curve and line have a point in comniun, 7 — a x ^l^ 

» 

and y — y = ^ — (.r' — x) which is the required cquatiwu. 

AgiUn let y" and x" be the coordinates to'the norinnl, tlieu t\nce it 
passes throijgh a point whose eoordinatet »r« x and //, and is perpvudi. 
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ealar to a line whose equation la y — ^ = -^ i** — *)» th« equation 
to the normal wUl be y" — y = — -^ (jt" — x), CSet Line, Art. A. J 

Sx, In the parabola, equation to the tangent is y — y = -— - (Jf— ^r)j 
and that to the normal y" — y = — -|^ {x" — a). 
For tangents to Spirals— ^ec Spiral 

TAYLOR'S Theorem.^CHigman.) 

If x and y be the coordinates to any point of a curve, and if, when » 
becomes x + A, y becomes y ; then will 

y' =y + -57^+ dl?i 1:2 + dl5 1:2:3+ ^'^ 
Car. 1. If when x becomes x — A, y becomes y then will 

y = y - ■5:^'^ + dy« XT "" "STs 15:3+ **^ 



• ' 



Cor. 2. Khzndx. 

Cor. 3, The above theorem may be expressed in general terms thus i-^ 
The variable of a function being supposed to consist of two parts x and A, 
to developc the function in a scries of powers of one of the parts K 

Maclaurin*s Theorem. 
To expand a function in a series of ascending integral and positive 
powers of the variable. 

Lett* = any function of x, then m — («) + (■^-^) * + (j^) 

the values of w, -^j ^ &c. when .r = 0. 

This theorem is only a particular case of Taylor's, for take jr = in 
Taylor's series, and we have 

which Is the tame as the theorem above, If for A wa write x. 



— + 
1.2 + 
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Ex. !. To expand (x + *)•". 

I^t u=zx*^ and w = (x +■*)*". By diff«renti«*i»tti»e hare -^ = 

a X 

iw jr ; j-;i = fn- (m- 1) * ; j^ = m. <»i-l) . (ot-2) jr &-c. 
Hence, by Taylor's theorem, w = x •}' mx h ^m. -^ x " /*i 

+ &C. 

Ex. 2. To expand (a + *)** by Madaurin's theorem. 

Let tt= (« + *)*;. \ij. = m.(a+ar)*»-»i ~^' = m. (m-L5 

<a + x)**"*&c. «cc. Now let x = 0; then (») = «"" ( ^) 

— .-««•-*. / ^" \ _«./-, i\ ««»-**.« - 
= M a ; I T— J- 1 =r j». (« — 1.; a «fco. , , 

z 
iETjr. 3. To expand a^ in a series. 

I/ettt = a ,then-= — = *« (<r = h.l.«), -7-5 = **«, 8tc Howie* 
o j: a X* 

jr = 0, then « = 1 ; .*., by Maclaurin*8 theorem, 

s . ^ kx ^ ktx* ^ Iflx^ - 

- =^ + — + -r2-+o:i:+*^- 

JE^x. 4 To expand log. (jx 4- A). 
Lot u =.lXf and m' = / (* + A) ; /, 

du _ m diu __ m dtu __ 2»i -^ 

/. by Taylor's theorem. 

Cor. If jr = 1, we have 

^x. 5, Expand sin. * in a series. 

JM u = sin. X. Take the locoessiTe difEBrenttaU of sin. «-, and find 
293 B2 
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tlitir value wlwn v = 0, and we thiU have by MaeUnrin** tlieorem 

■*^'='- 0:3+ oSu ■"'^ 

In like manner, 

TELESCOPE, theory of.^C Coddington, Wood.; 

1. Astronomical Telescope. 

Let F, F' represent the focal lengths of the object and eye glass ; then 

F 
the magnifying power is ^r,. 

Cor. The linear magnitude of the greatest visible area is measured by 
the Z, which the diameter of the eye glass subtends at the centre of the 
object glass, increased by the difference between the /'s which the dia- 
meter of the object glass subtends at the image, and at the eye glass. 

2. Galileo's telescope. 

The magnifying power as before — ■^,. 

Cor. The linear magnitude of the fi«»ld of view, when the eye is placed 
close to the concave lens, is measured by the angle which the diameter 
of the pupil subtends at the centre of the eye glass, increased by the dif- 
ference between the /'a which the diameter of the object glass subtends 
at the pupil, and at the image. 

a HerscheVs and Newton's telescope. 

Let/and F' be the focal lengths of the speculum and eye glass ; then 

/ 
the magnifying power = ^r 

Cor. The field of view is nearly equal to the apparent magnitude of 
the eye glass seen from the speculum. 

4. The Gregorian and Caisegrain*s telescope. 

Let/, /', F, be the focal lengths of the great and small mirror, and the 
lens respectively, I the distance of the mirrors , then the magnifying 
power of the Gregorian is nearly 

and of Cassegrain's is 
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ft. In refrMttog telescope*, if A be the linMr kpertara of the otijeek 
glass, the density of rays in the picture upon the retina varies as 

FS * 
And in the Newtonian telescope, as 

6. To place a telescope in the meridian by the pole sfar.-^C^oIlaston.J 
Calculate the time of tlie meridian passage of the star correctly, and 
apply that to your chronometer. Then having the star in the field of 
your telescope (the instrument being first truly adjusted, and the adjust- 
ing screw for azimuth between your finger and thumb) and ke<>iiing it 
bisected, or covered by your meridian wire till the exact instant rahu- 
lated^ clamp the instrument there in azimutli, and you will find it very 
nearly in the meridian indeed. 

Having thus placed the telescope rert/ nearh/ in the meridian j we may 
adjust it accurately so, by either of the following formulae :— 

Formula for correcting the error of a Meridian Telescope by the observa- 
tion of any circwnpolar star above and beloxc the pole. 

If the western interval be greater than the eastern one, the telescoj-o 
points t^ the east of that end of the true meridian which lies under the 
the elevated pole (be that N. or S.) and v. v. 

The angle of this deviation may be investigated thus:— 
To the log. of half the difference between the intervals in seconds (or 
the difterence between either interval and \ih. sid. time.) 
Add the lo^-. tangent of the star's P^D. 
And the log. secant of the lat. of the station. 

The sum (abating 20 from the Index) will give the log. of a number of 
seconds of sid. time; which converted into degrees, &c. will exprt'ss the 
angular deviation of the instrument from the true meridian, to be ap. 
plied as above. 

This method depends not at all upon knowing truly the R A of the 
star; nor its FD with any very great accuracy: the ZD or alt. read 
off with the instrument, as it passes the meridian, will give the latter 
with fully sufficient precision. 

Formula from which tlie above rule is deduced.— fifairfj^.^ 

1800 mm. (t ^ t'^ 

Deviation :;= * -.-{- — ^ : where t and P are the two interrala, 

cos.y/. tan. d 

d the star's declination* and I the Utitade of the plaet. 

£95 ( 
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Twnmdafor the eorreetkm of « Meridiam 7«tet0^ by ^ Bht im ation of 
two dan dtgisring eonndertablg inpoktr 4i«t»nw. 

If the southern of two stars passes a meH^an telescope too soon for the 
calculated difference of apparent R A between them (whether its passage 
be before or after the northern one^ is immaterial) the telescope wken 
tamed down towards the south horizon will point to the east of the true 
meridian, and v. v. This holds universally, whether the latitude of the 
station be N. or S. 

The angle of this deviation from the meridian may be found thus:— 

The quantity of sidereal time, by which the observed difference of R A 
varies from the calculated difference between the stars, being reduced to 
seconds of time ; 

To the log. of that number of seconds ; add 

the log. cosines of the declination of each star ; 
the log. cosecant of the difference between them in declination ; 
and the log. secant of the lat of the station : 

The sum (abating 40 from the Index) will give the log. of a number of 
seconds of sidereal time j which reduced to degrees, &c. will express the 
angle made by the instrument and the true meridian. 

Formula from which the above rule is deduced. — (Maddy.) 

Let T •— T' be the difference of right ascensions of the two stars from 
the Tables. 

t-^t' the difference of right ascension as observed by the tele- 
scope, "h and d' the declinations, I the latitude, then 

Deviation = Jt - T' - (* - «0 ? • -^•^^^. 
\ \> COS. /.sin. (J— 3') 

7. To find the field of view of a telescope. 

Direct the telescope to a star in the equator, or very near if^ which 
will answer quite well enough for all usual purposes, and observe the 
number of seconds occupied in its passage across the field of view, and 
multiply this number by 4, to obtain in degrees a measure of the field. 

It would evidently be inconsistent with the limits of tiiis smdl work 
to enter into any eacplanation of tiie nature, use, and a4ju8tment, of 
mathematical instruments ; nevertheless as a telescope is in the hands 
of almost every one ftt all conversant in edentjflc pursuits, ti»e follow, 
ing practical observations on this instrument, selected from the works 
of eminent practical astronomers, may not be unacceptable to the inex- ' 
perienced observei^ 
•^96 
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Pr^er sixe oftele»eope». 

The emallest achromatic that ran be nsed with sncceta for attronoml- 
cal purposes is the 3% feet, aperture 2% inxAke^.-^CKUcMner.) 

Magnifying poweri of telescope*. 

For day parposes, a power of 90 or 100 is the maximum that can ba 
l^enerally used in this country, except on very fine days, and on oljecta 
iineommonly well lighted up. In telescopes of different apertures, the 
maximum power for day purposes is had by multiplying the diameter of 
the object speculum or glass in inches by 30. For astronomical pur. 
poses thb rotatory motion of the earth prevents the application of a much 
higher power than 300 being used with any advantage : when a higher 
power th.in 300 is used, it requires uncommon dexterity both to find the' 
object and manage the instrument. The following powers are proper 
for a fine achromatic. (1) A comet eye piece, made with two piano con- 
vexes not magnifying more than 12 or 15 times, which is also a delight- 
ful eye piece for viewing nebulae and the milky way. (2) For a series of 
powers for planetary observations, multiply the diameter of the object 
glass in inches by 20, 30, 40, 50 and CO ; this last is the maximum that can 
be used for the planets, and requires a very perfect telescope, and every 
circumstance to be favourable, to admit of its application with good ef- 
fect. (.3) A positive eye piece magnifying SOO times for close double 
stars; yet unless the telescope bo an uncommonly fine one, a higher 
power than 200 only renders the object less distinct. (1) A circle of six 
single double convex lenses magnifying 50, 100, 150, 200, 300,Tind4OO 
times, but when the highest power is used, the distinct field of view is 
reduced to a very small diameter.— ^.KiYc^iner.^ 

Eye glasiesfor telescopet. 

In very delicate observations Herschel observes, no double eye glass 
should be used, as that occasions a too great waste of light. With tho 
double eye glass he could not see the belts of Saturn, which ho very plain- 
Jy saw with the single one. Of single glasses he decidedly prefers con- 
cave to convex glasses, as they give a much more di-stinct incage. Their 
very small field of view is a considerable imperfection, but in objects 
such as double stars, or the satellites of Saturn, and the Georgian, tills 
inconvenience is not so material.— fPAiY. Trans.) 

Best criterion of a good telesmpe. 

The most difficult object to define in the day time, and the best test of 
the distinctness and correctness of our instruments, is the dial plate of m 
watch, when tiiesun shines upon it, placed about 100 feet from the glass. 
In the night time » fixed star of the first magnitodo is the best test, vk 
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ftte least defect in the figure or adjustment of tte oljeet giads is imno. 
diatelir seen b7 the star mot mgipeuing round, but sorroonded by h^ee 
lights and loo^nons accompaniments. For a teat o/ the perfection of a 
telescope as to its light and distineinen, the pole star is as proper as any, 
as the small accompanying star is not visible exeqit in a yerf perfect 
instnonent, Theexaoainatiimof abright olgeetoBadaricgroand,a8a 
card by daj^^t or Jointer by night, with high magni^ing powov, •£. 
AMrdsthesereresttestof QMpetfectackromatieifyoiSkieieBeeipe, by the 
production of green and pori^e bwders about their edges in the eoa> 
trary etae^^KUehmer.mmMem. Aitr. 8oe.) 

On the evenings and tUuations fcmowrabU or otherwise to astronomical 
observations. 

The rule upon ^diich almost all the rest are founded is that an uniform 
temperatttre is necessary for the proper performance of a telescope. 
Upon this principle tiie following facts, the results of long experience, 
may be satisfactorily explained. 

(1) A frost after mild weather, and a thaw alt» frost, will derange the 
telescope, till either the frost or mild weather are soffidently settled. 
(2) No telescope just brought out of a warm room can act properly. (3) 
No delicate observatioh with high powers can be made when looking 
through a dopr, window, or slit, in the roof of on observatory ; even a 
confined place in the open air is detrimental (4) Windy weather is un* 
favourable. (5) Stars seen over the roof of a house, when very near, are 
not distinct, being disturbed probably by warm exhalations from the 
roof. (6) Dry ur is unfavourable; but those evenings wherein the air 
is saturated with moisture, so as to drop down the tube of the telescope, 
are particularly favourable to distinct vision. 

Upon the whole Dr Herschel observes that to use the highest magni. 
^ng powers to the greatest advantage, the air must be very dear, the 
moon absent, no twilight, no haeiness, no violent wind, no sudden 
change of temperature ; under all these drcumstaaoes a 3rear that will 
afford 160 hours must be called a very productive one.— ri^^^'veAtf^ PhiL 
Trans. J 

Rufet necessary to be observed for examining delicate o^ects tpith sue- 

(1) If the tele.-?ropft has been kept in a warm room, the cap of the ob- 
J<'ct ptid should be taken off, the eye piece talMU out, and the air 8ufl^> 
ed to pass through the tube for ten minutes, that it may acquire the tem- 
perature of the open t!a.^(Kiickiner,) 

(2) The observer should in like manner be exposed bi the open air for 
15 or 20 minutes, and the eye rarefuUy ke»t from all stimulatinf and 
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bright ol^jects, so that the papU nifty be in ite most expmded ^te ; it 
reqoiring at least SO mkiutes before the eye can admit a view of rery de« 
licate objects (sneh as faint nebolee) ; and the observation of a star, 
thoagh only of the 2d or 3d magnitade, disorders the eye again, so as to 
require nearly the same time for ^e re^establishment of its tranqniUity. 
-^(Herichef, PhU. Tran.) 

(3) We should never use a greater magnifying power than we abso- 
lutely want ; the lower the power, the more beautiful and brilliant the 
object appears. In objects however that require great nicety to discern, 
such as the spheroidical shape of the planets, &c. it is proper in the first 
instance to use a considerable power, till the eye is accustomed to the 
phaenomenon, after wliich the power may be gradually lowered.—- f'Hierr- 
chel^ Phil. Trans. J 

(4) It may be proper to observe, in order to prevent disappointment, 
that in the prints usually given of Jupiter, Saturn, &c., the outlines and 
all the other features of the engraving are far more distinct than we 
can ever see them in the telescope in one view , it being the very inten. 
tion of a copper-plate to collect together in one view all that has been 
successfully discovered by repeated and occasional perfect glimpses, and 
to represent it united to our conceptions. And this is the case with 
all drawings in books of Astronomy.— /^H<?r*cA. Phil. Trans. J 

(d) In attempting to determine the apparent shape ot magnitude of 
any pianetary body or satellite, it is useful to compare it with some 
9ther known object of a similar kind. Thus to form an idea of the pe* 
culiar shape of Saturn, compare it with Jupiter several times in succes- 
sion. To form some notion of the apparent magnitudes of Juno, Pallas, 
Cere9, and Vesta, oompare them with each other, or with Jupiter's sar 
teUites.— rfl^wA. Phil. Trans. J 

(6) When we wish to discover very delicate and minute objects, which, 
mith the finest bistramenta, are only to be seen under tiie mott fiavoon. 
able circumstances, it is indispensable that we Aonld be in a position of 
the ^^eatest ease; no cramped or painful posture mint distort the body 
or irritate the mind, the whole powon of vrtiich must be eoncentnbed 
in Ifce eye.-^fKitfMnar.J 

(7) In a4jnsting the telescope to dose double stars, Dr. Hemohel eA. 
Tises the observer previously to a^ust tlie focus of his g\9m with th« 
ntmost delicacy on a star known to be single, of aa nearly as poesible 
the same altitude, magnittide, and ctdour, as the star which is to be ex- 
amined, carefully observing whether it be round and well defined, or 
surrounded by little flitting appendages, as is the case when the object 
glass is not quite- perfect.— fPM. TVont.^ ' ' 
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^ To those who hATe not been long in the habit of observing^ doobli 
■tan, it Is necessary to mention, that when first teen they will appear 
nearer ti^rether than after a certain time ; nor is it so soon as might be 
expected that we see them nt their greatest distance. 1 have Icnown it 
take np two or three months before the eye was sofficiently acquainted 
with the oUJect to judge with the requisite precision.— f-tfer^cA. PhiL 
Tram.) 

(0) It is a singular fact, tliat a double star, where one of them b of the 
last degree of fuintness, may be best seen by directing the eye to nuotber 
part of the ti<>ld. In thin way a faint star in the neighbourhood of a 
large one will oft -n become very conspicuous, though it will totally dis- 
appear, as if suddenly blotted out, when the eye is turned full upon it 
The small companion of 'iS {h) Ursae Mitj., is a remsirkable instance of 
this; al3i> ^ Peraei, 7 Tauri, 43 Persel, i Leporis. The lateral portions 
of the retina, less f.itiifued by strong lights, and less exhausted by per- 
petual attention, arc probably mure sensible to faint impreselons than 
the central ones, which may sarve to uccuant for this phaenomeaon.-* 
(Hersch.jun.t Fliil Trans.) 

Of the powers nscessarj/ for observing various celestial ofyeets. 

Comets may be advanta;feously seen with a power of about 15. 

The suUf TuooJif and nebula, with powers of from 45 to 60. 

Jupiter and his moons from 90 to 130 ; but for estimating the brigfatilMt 

and apparent magnitude of the satellites, a lower power than 190 should 

not be attempted. The belts of Jupiter are scarcely dlscemable in a ons 

3 
foot achromatic, but may be seen with an 18 inch of Ir?; aperture, and 

power of 40; and arc easily visible in a two feet, with an aperture of 

1.—, with a power of from 30 to CO. Note. The Sd satellite is consider. 

Ably larger than any of the rest ; the 1st is a little larger than the Sd. 
and nearly of the size of the 4th. 

Saturn. The best powers for general purposes are from ISO to S0(^ 
To ricw him with efibct» he shusdd not be more than two, or, in very 
fine nights, three hours from the meridian. The phenomena most wen'- 
thy of observiition in thli planet, are the following : liis belts ; the ain- 
gul&r compression at his poles ; his dtmblc ring ; the sliadow of the ring 
upon the planet, and of the planet upou the liug ; and his seven satel- 
lites. The ring may bo seen in the 18 inch ^telescope witli a power of 
40; but fur oLserviug the division of the ring, its sluidow upon the pla- 
cet, bis l>elt8, and the compression at his pules, we should not have a 
lass power than 200. As to his satoiiit«8» the visibility of these minota 
800 ^^ 
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and extremely faint oltjeets depends more upon the penetrating, than on 
the magnifying- ponnrer, of oar telescopes ; and with a ten feet Newto- 
nian, charged with a power of only 60, Sir W. Herschell saw all the five 
old satellites. 

Georgium Sidus. The satellites of this planet were discovered by 
Herschel with a power of 15^ ; but their faint scintillations were only 
perceived by interrupted glimpses, but magnifiers of 300, 460, 600, and 
800, were most effective. It is in vain, however, to attempt any consi- 
derable power, unless in telescopes which have a prodigious quantity of 
light ; and in Herschell's ten feet telescope, with none of its highest 
powers, could he possibly ascertain even the existence of the satellites. 

Cereit PatUa, Juno, and Vesta. — Herschel applied a distinct magnify, 
ing power of 500 or 600 and even higher to these asteroids, and yet no 
disc was discoverable, any more than in very small stars. 

Double stars. In a fine telescope the powers employed should be from 
200 to 400. 

List of a few double stars, which are proper olo'ectsfor common telescopes, 

i Ursa Majoris. i Lyra appears double. 

y Delphini J9- Scrpentis. 

p. Cygni. /3 Lyra. 

y Arietis. * Delphini. 

y Andromeda. r Bootis. 

i OrioniB. y Virginis. 

r OiiOttis double. i Cassiopee. 

11 Monocerotis appears double fjt. Cygni. 

JUttt cfafete d«mble stars, M which proximity orfaintness renders one of 
thgm dificuH U he seen, tftuf tPhich are proper cifijectsfor the finest ^ete- 



C Aquaril. ^ 

pk DnftcMiis. it. 

$ Orionfls. { 

A Pisdum. v 

I Ursa Midoris. • 

m Auriga. 11 

t O«oabu>niin. x 
k CfgaL 
■ I*erML 



Herculis. 

Geminorum. 

Libra Seq. 

Bootis. 

Lyra. 

Monocerotis. 
X Bootis. 
p Scorpii. 

Polaris. 



• Lyra. 
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• 40 Serpentii. M Boottt. 

y Leonls. ^ Serpentte. 

5 Libr» Pr«. • Bootis. 

70 OphiuchL 85 Herculia. 

« Herculis. /3 Serpenlis. 

5 Corona;. /* Herculis. 

{ Bootis. d Herculis. 

Performance of different telescopes. 

Dr Kltchiner has seen the small star accompanying Polaris with a 2| 
feet achromatic, aperture If inches ; and the small star accompanying 
Eigel J but the telescope was exquisitely perfect. 

I Bootis, » Herculis, y Andromedae, ^ Cygni, ? Aquarii, Pole Star, 
Castor, Rigel, maybe seen with a fine 44 indi achromatic, of '^f aper- 
ture ; but not one instrument in a hundred will shew them without a 
faUe light round the larger star. 

With an exquisite achromatic of 46 inches focus and a treble object 
glass of G| inches aperture, Dr Kitchiner has seen the Pole star with the 
f«'l!owine powers, 40, 80, 150, 250,350, 420, "/OO, and even with 1 V2Z times 
the small star was still visible. This shews only how far magnifying 
poA-er could be carried with this instrument, as it was with e^'ident de- 
triment to vision when higher than 80. 

With a most perfect achromatic of 44 inches focus, aperture 2f inches 
made by Dolload, Mr Walker made the foUoAving observations. With a 
negative power of 180, he-eaw i Bootis double; / Buotis ; tj Coronae Bo- 
realis. Three satellites of Saturn ; the shadow of his ring on the planet ; 
and a belt; d Serpentis ; I Herculis ; the Pole star ; t Bootis, and h Dra- 
eonis ; powers 4'23 single eye glass, and 180, and 133 negative powers, <— 
Rigel with 133, and the fitar in Monoceros' right foot treble with powen 
1L3, 180, and4:i3. 

Tke ordinary powers used by Messrs South and Herscbel, (see Phil 
Trans. J in forming their catalogue of double stars, was 179; though oc- 
casionally a lower power of 105, and a higher one of 273 were also used. 

TEMPERATURE of Atmosphere.~-See Atmosphere. 

THERMOMETER. Freezing point Boilingpoint, 

Fahrenheit's Thermometer Si^ „ ..». 212 

Reaumur's do. .*.......m.**m..»....m...«« •.•........,*•. 80 
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To convert the degrees of Reaumur into those of Fahrenheit, and th* 
contrary. 

4 9 

To conrert the centrigrade to Falireuheit and the contrary. 

To convert the Centrigrade to Reaamur and the contrary. 

6 4 

THERMOMETRICAL Barometer. See Heat. 
TIDES.^/' Fince and Ro'juonfrom BernouUli.) 

1. If a fluid sphere at rest be attracted by a distant body S also at rest, 
it will put on the form of a spheroid ; and if P and Q represent respec- 
tively the attraction of tlie spheroid at the extremities of the minor and 
major axes,m be the addititious force of S upon P, and n that upon tho 

point E 

Major axis : Minor :: P + «» : E — 2 w. 

Cor. If the sphere were the earth, and S the sun or moon j then, upon 
the above supposition, the diftl'reni-e of the diameters or height of the 
tide, as caused by the sua, would = 2,033 feet j and the height, as caused 
l>y the moon, =: 5,412 feet; .*. in syzygy the height would be 7,445 feet 

2. The altitude of the high tide above the level of the water, if there 
had been no tide*, is doable of the depression of the low tide below. 

3. Find (1) The elevation of the Avater at any point above the natural 
level of the undisturbed ocean. {;>.) Tho depression below the natural 
level at any point (3) The fallin? of the water from the highest point, 
find (4) The rising of tlic water from the lowest point. 

Put = anguliu- distance of the point from the place of high water, or 
the hour ^ from the time of high tide ; m — perpendicular height of high 
above low water ; then the eqttations will stand thus : 

(1) Hcvation = ^JS^Jszl x ,„. 

.^v r* _. Ssin.s — 2 ^ 
<2) Depresnon = ^ X m. 

(3) Fall ......... = »» X 8in.« 0, 

(4) Rise = »i X cos.« 9, 
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Cwr. To find the distance of high tide from the point wbere the water 
is at the same height at which it would have been if there had been no 

tide, pot 3 COS.* tf ^1=0; .*. cos. fl = -= = cot M«. 44^. 

V3 

4. To find the eleration and depression as before, produced by the joint 
action of the son and moon. 

Let Iff = perpendicular height of high above low water, as caused by 
the son, n = ditto arising from the moon, 9 — honr angle from the time of 
hij^ tide for the snn, ^ = ditto ffx the moon; then the elevation above 
the natural level is 

3co3 « 5 — 1 ^ .3 cos.» ^ — I ^ 
g X»»H ^ Xn; 

^A t I 38in.t g — 2 ^ nsin.ty— 2 ^^ 
and depression is ^ X in + -x X n. 

Cor, 1. If the sun and moon be in syzygy, 9 = 6'; 

.*. elevation = {tn -|- w) cos.* 6 ^—- ; 

and depression = (m 4- n) sin.t .. ^ (m -)- «). 

Hence at high water, elevation = % (m 4- n), and at low water, de- 
pression = ^ (m + w). 

Cor. 2. If the moon is in quadrature, elevation atS=9^ m-^%n, 
9mA deproMion at M = ^ m — % n; also the etevatioa at S above the 
intcribed spkere ■=im — w, and the elevation at M abov« the same = 
n — m. Hence since n is greater than m in the ratio (according to Ber- 
nouilli) of 2H • I> it is plain that when the moon is in quadrature, it is 
high water under the moon, and low water under the sun. 

Cor. 3. Supposing the sun and moon to he in any otiier positi<m, and it 
were required to find an Intermediate point between them whefe there 

is high tide ; in this case we must take the expression ~o*~~~" ^ *• 

+ ' n "" X n, and make the di^rential = 0, and we shall get 

m : n : : sin. 2 : sin. 2 Of. Hence we have only to divide an are 
2 (0 + ^ ) into two part<?, so that the ratio of the sines may be given; and 
the half of each part will give 9 and ^, and thus we gel the poUt where 
the tide is highest. 

Cor. 4. By computing by the last Cor. the ^'s and P" for every day 
from the new or full nuM>n, we might get the time of the high tide when 
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compared with fhe piMsage of the sun and moon OTor the meridian ; and 
thna from these we might construct a table, shewing the theoretical 
times of high tide during the montli. 

Hitherto we hare supposed the luminary to be in the equator : we 
come in the next place to consider the effect arising from the declinatioa 
of the moon. 

5. Let D = moon's declination, L = latitude of the place, = hoar 
jT from high water ; then the height of the water from the lowest point 

is 

y (cos. D X COS. L X C03. + sin. D X sin. L)« X i». 

Hence we may consid&r the fullowing cases :— 

I. To find the interval from high to low tide, put cos. D X cot. L X 

. , _ ^^ . _ - . - sin. D X sin. L 

cos. + sin. D X sin. L = j . . cos. 5 = — i,^,- ^. 

^ COS. D X cos. L 

II. When theltititudc of the placft = comp. of moon's declination, cos. 
= — 1 J ,\ Q= ISO", i.e. the interval between high and low tide = 19 
hours, i.e there is only one high and one low tide in 24 hours. 

III. When the distance of the place from the pole is less than the 
monn'a declination, the expression in Art. 5 never <-an become =■ with- 
in the limits of cos. ; .'. there is only one high and one low tide in 24 
I unar hours. And if we make cos. tf = I , and cos. = — 1 , we have the 
dtfferoice of the altitudes of the two tides = 4 cos. D X cos. L X sin. D 
X sin. L X m. 

IV. WTien D = L, make cos. fl = 1, p.nd we have the greatest altitode 

=. m ; also cos. 6 = — — =. = interval from high to low water. 

cos.f D ** 

V. When the moon is in the equator, the altitude of the tide =: cot.* 
"Lxw- 

VI. The height of the tide, when the moon passes the meridian, = 
(cos. D X cos. L + sin. D X sin. L)* X m ; and when the moon is at the 
opposite m»ridlan, the height is (— cos. D X cos. L + sin. D X sin. L)l 
X M. Hence when the moon is in the equator, sin. D = o, and tha 
height of both tides is equal. To a place on the north of the equator, 
when the moon has south declination, sin. D becomes negative, and the 
latter tides are the greatest ; but when the moon has north declination, 
tin. D is positive, and the former is the greatest Hence, to us in tiiia 
case, the high tide is greater when the moon is above the horizon than 
when below. The difference of the two tides is always what is given In 
Case III. 
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▼IL The hriglit of the tvro tides, vihetk tlie mmm passes tlie >uo<«B«uy 
beinf (cos. D X cos. L + sin. D X sin. L}* X m, and (— cos. I> X eos. 
L + sin. D X sin. L)' X tn, the mean height is (eos.* D X cos.* L, ~^ 
sin.* D X sin.' L) X m. Hence the same ntrtk aad soath dedinaticn of 
the momi give the :*ame mean altitude. 

VIIL Under the equator the mean height = cos.* D X m. 

The general phoenomena of the tides agree very well with the ooadok- 
sions deduced from the theory of gravity, indeed much more accurately 
than could have been expected, when we consider that the theory sup- 
poses the whole surface of the eartJi to be corered with deep waters i 
that there is no inertia of the waters ; that the nu^r axis of the sphe- 
roid is constantly directed to the moon ; and that there is an equilibrium 
of aU the parts ; none of which suppositions are strictly founded in faet. 

As a sequel to this Article we will subjoin a few of the principal phae. 
nomena of the tides, as deduced from actual observation. — (Pla^air.J 

The time from one high water to the next, is, at a mean, lUk. 25m. 2i*. 
The instant of low water is not exactly in the middle of this interval ; 
the tide in general taking 9 or 10 minutes more in ebbing than in towing. 

At new and full moon, or at the spring tides, the Interval between the 
eoBBeentive tides is the least, viz. 12h. I9m. 2Ss, At tiie qnadratures, or 
neap tides, the interval is greatest, vi2. 124. 30wi. 7/. 

The gradual subsidence of the waters is such, that the diminution of 
heights are nearly as the squares of the times from high watat. 

The time of high water in the open sea is from 2 to 3 hours after the 
moon has been on the meridian, either above or under the horizon ; but 
on the shores of large continents, and where there are shallows and ob- 
atructions, there are great irregularities in this respect; but for any 
given place the hour of high water is always neasly at the same distance 
from that of the moon's passage over the meridian. 

The highest of ^e spring tides is not the tide that immediately follows 
the syzygy, but is in general the third, and in some cases the fourth. 

At Brest, the spring tides rise to 19^317 feet ; and those of «the neap to 
0»151. In the Pacific Ocean, the rise, in the first case, is 5 feet | in the 
second, 2 or 2,5. Indeed it may h^pen, that although the greatest ele* 
vation produced by the joint action of the sun and moon, in the open 
sea, does not exceed 8 or 9 feet, the tide in some singular situations may 
•mount considerably higher. For instance, in the harbour of Annapo. 
lis- Royal, it sometimes rises 120 feet ; the water accumulating to this 
astonishing height in conseqocjice of its being stopped iu the Bay of 
Fnndy as in a hook. 
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Tlie grmter tlie rise of high w«ter abitre the lerel of ii fixed point, th« 
freftter is the depression of the corresponding low water relatirely to the 
■ame point 

The height of the tide is affiprted by the virinity of the moon to the 
cinrth, and Increases, caeteris paribus, when the parallax and apparent 
diameter of the looon Increase, but in a higher ratio. 

The rise of the tide is affected by the declination of the Inminariee s it 
la greatest, caetens paribus, at the cquin«xe9, and least at the sohtioee. 

Wlien the moon is in the northern signs, the tide i^ the day, in aU 
northern latitudes, is soroewliat greater than the tide of the night : anA 
the contrary when the moon is in the tonthem signs. 

If the tides be considered retatirely to the whole earth, and to tho 
«fen sea, there is a meridian about SO** eastward of the moon, where tl 
la always high water ; on the west side of this circle, the tide is flow, 
lug; on the east, itis ebbing; and on the meridian, at right /Is to th* 
same, it is every where low water. 

In high latitudes, whether south or north, the rise and fall of the Ada 
are inconsiderable. It is probable that at the poles there are no tidea. 

The tides, in narrow seas, and on shnres far from the main body of 
the ocean, are not produced in those seas by the dire<'t action of the life 
ninartes, but arc waves propagated from the great diurnal undulatioa, 
aad moving with much less vflucity. For inittance, the high water 
transmitted from the tide in the Atlantic, reaches Uahant between thret 
and fonr hours after the moon has parsed the meridian. This wave thes 
divides itself into three ; one passing up the British Channel, another 
ranging along the west ride of Ireland and Scotland, and the third cm. 
taring the Irish' Chaanri. The first of these flows through the chann^ 
at aboat 60 miles aa honr, and reaches the Nore about 12 at night Tho 
tectmd moves more rapidly, so as to reach the North of Ireland by alx* 
and the Orkneys by nine, and the Naze of Norway by M ; and ia It 
hours more It reaches the Nore, where it meets the morning tide, thai 
left the month of the channel only eight hours before. Thus these twa 
tidee travel rovnd Britahoi in about ^8 hours. In which time the prial. 
tive tide has foae roondtha whelaiircomlieffeoae of the earth aodaearly 
dfldegraciflorc 
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Places. 



Situation. 



Land's End ...... England 

Leith Pier Scotland 

JLeuis Isluids ...'Scotland 

Liverpool 'England 

London 'England 

Lyme Regis ...... England 



NeecDos England 

Newcastle England 



Time 



H, 

4 
2 
6 
11 
1 2 
6 



M 

30 

20 





Margate Roads England 11 

Mil/ord Haren England { 6 

Montrose Scotland. ' 1 

Mount's Bay England 4 



Selsea Hai'bour 
Shannon R. Ent. 

Sheerness 

Shields 

Skerries 

Sligo 

Solebay 

Southampton ..., 

Spithead 

30|Sunderland , 

Swansea 

Svvin 



8 

45 
45 

45 





55 



45 




Nore Liglit Ri. Thames 12 30 



Orfordness 'England 

Orkney Isles Scotland 



Pentland Frith .Scotland 

Penzance England 

l^iynioutit Sound England 
Portland Race England 
Portland Road ... England 
Portsmouth Har. England 
I 

Ramsgate England 

Rye Hartoor ... England 

Saltees Ireland 

Seaford «^ England 



II 
10 




90 



10 30 

4 30 

5 15 
9 15 

6 15 
11.30 

11 20 
10 36 

540 
10 16 



Places. 



Situation. 



'Tni»i 



Time 



Tay Bar 

Tees River . 
Tinmoath .. 
Torbay ..... 
Trallee Bay 



England 

Ireland 

England 

England 

Ireland 

Ireland 

England 

England 

England 

England 

•Wales 

Ri. Thames 

'Scotland 
'England 
'England 
'England 
I Ireland 



Watcrford HarbJ Ireland 
Wexford Harb. i Ireland 
Wejrmouth ..„.(*Eng^and 

Whitby England 

Wicklow Ireland 

Wisbeach England 

Yarmouth Roads England 
Yarmouth Sands j Engl and 
Yorkshire Coast England 
Yooghall Ireland 



H. 

II 
3 

12 
3 
4 
6 

10 

11 
9 
3 
6 

12 

2 
3 
3 
6 
3 

5 
7 
6 
3 
9 



8 

10 

6 

5 



M. 

15 

45 



o; 

45 
46 
30 
45! 





I 



0, 

^' 

10 



45 



i 

i 

30, 
30, 
4.'i 



30r 

I 

45 

30 
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To find the time of high water on a giren day at anyplace vchete the time 
oj Mgh water atfuU and change is knoicn. 
Let thethne of the moon's passing the meridian of the given place be 
found in the Nautical Almanack, and to this time apply the correctiou, 
Irofn the foUomng Table, corresponding to her meridian passage and 
■emidiameter, and to the result add the time of high water at full and 
change at the given place, as given in the preceding Table* and the sum 
will be the time of high water on the given day. If this sum exceed I2h 
24m, or 84A 49ot, subtract those times f^om it, and the remainder will be 
nearly the time of high water on^the aftamooa of the given day. 
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C§rrttlt«m to he igtpUsd to the Hme ef the moon** merkUam pmnage M 

finding the time of high water. 





Moon's Semidiameter. 


• 

^1 


gfi 


Moon's Semidiameter. 


Moon's 
Mer. Past. 


/ // in in 

14 .'iO 15 30 16 30 


1 n 1 II 

14 30 15 SO 


16 SO 


hml hm, hm hmhmhm hmj hm| hm 


hm 


0.0 4 + 518 6 0— OS.")— 1 2— 1 12!18 


30—0 10.0 ft— 51^30 6 30— 46— 51 — 5818 30 


I 0—0 17—0 18—0 15 13 7 0—0 32—0 31—0 37,19 


I 80—0 24—0 25-0 2513 30 7 30—0 17—0 16—0 1419 SO 


2 0—0 31 — 31- OSfi 14 8 0—0 1 + 3 + 920 


2 30-0 38- 41 — 4614 30 8 30 + 8 + 15 + 24 


20 30 


3 0— 4i— 49— 55 15 9 + 14*+ 21 + .'i2 
3 90-0 50—0 56—1 415 30930 + 016 + 024+036 


21 


21 30 


4 0—0 55—1 2 


— 1 1:^ 16 10 + 15 + 23 + 3^ 


22 


430—058— 1 6 
5 0-P 1 0— I 8 


— 1 A6 16 30 10 30+0 12 + 19 + 29 

— 119 17 Oil + 7 + 14!+ 23 


22 30 
A3 


530—059— 1 7 


— 1 1817 3011 30+0 2 


+ 7 + 15 


i3 30 


6 0—056— I S 


— 1 12 18 12 0—0 4 


0|+0 5 


24 



Ex. Required the time of high n^ter at London, Sept 2, 18^ the 
time of the moon's transit being 22A. S9i»., and her | diameter 16'. 86". 
Vf the Naut Aim. 

A. M. 

Correction from the above Table >»>,.».>.^...... + 20 



Hif h water at fall and change by Ist Table «« 



Subtract 



<WWW»<»»WW»K»Mtf«»<l»»# P«^» 



Time required 



* »» f »r m t>t»r t <»»» o» 



23 


8 


2 


45 


25 


53 


24 


49 


1 


4 



TIMBER meaeuring. 

The customary rule for the measurement of timber is erroneous ; for, 
according to the common rule, a tree frequently contains oncfoufth 
more timber than it is estimated at The following formulss give both 
the customary and true content 

Let L = the length of the tree in feet and decimals, and O the mtea 
girth taken in inches { then 

= cubic feet customary. 



S304 



= enbic fett fcme eootent. 



310 



T I M 

If O M well 88 L be in feet, 

.08 L G* — cubic feet trne content 
Sometimes a certain allowance is made in girting a tree for the thick- 
ness of the baric, wiiich is generally one inch to every foot in girt, or 

1^ of the whole gi^t ; in that case, 

■^^ = cubic feet costomarj. 



LG« 

S>150 



= cubic feet true content 



If the tree tapers regularly from one end to the other, take half the 
«nm of the girts .it the two ends for the mean girt. If the tree do not 
taper regularly, hut is unequal, being thick in some places and small in 
-others, it is usual to take several diiterent dimensions, the sum of which 
divided by the number of them is accounted the mean girt. But when 
the tree is very irregular, it is be.^t to divide it into several lengths, and 
to find the content oi each separately. That part of a tree, or of th« 
branches, whose % girt is leas than ^ a foot, is not accounted timber. 

TIMBER, o» the $trength and stress of.-^See Elastic bodies, ejuiiibriua 



cA 



TIME, eguation of.— See Equation ofTinte. 
TIME, various taiUs relating to.-^C Vince.) 



TABLE L 
For ecnterthng degrees^ mimctes, and seconds intosiiereeAtUiiM. 



Deg. 


Hon. Min. 


Deg. 


Hou. Min. 


^ 


Dec. of 1 


Min. 


Min. Sec; 


Min. 


Min. Sec 


Sec 1 


1 


0. 4 


80 


2. 


1 


,067 


2 


0. 8 


40 


2.40 


2 


,133 


S 


0. 12 


60 


3. iO 


3 


.2 


4 


0. 16 


CO 


4. 


4 


,£G6 


5 


0.20 


70 


4.40 


5 


,333 


6 


0. 24 


80 


5.20 


« 


,4 


7 


0.28 


90 


6. 


7 


,466 


8 


0.32 


100 


0.40 


8 


,5&3 


9 


0.36 


900 


13. «0 


9 


»1« 


1) 


a40 


300 


20. 


10 


,660 


SO 


1.20 











ail 



St 



^ I u 



Ex. R«dttce 74o Sd' 57" into time. 
70o 






Time required ....^ 4 56 39,79d 

TABLE IL 

Jtvr ecnieerting sidereal time into degrees, mimetes, and seconds. 



Hou. 


Beg. 


Min. 
Sec 


Deg. Mill. 
Min. Sec. 


Dec 
of Sec 


Sec 


1 


15 


1 


0.15 


,1 


1,5 


2 


90 


2 


0.30 


,2 


3^ 


3 


45 


3 


0.45 


,3 


4^ 


4 


60 


4 


1.50 


A 


6.0 


5 


75 


5 


1.16 


>« 


tJs 


6 


90 


6 


1.B0 


,6 


9,0 


7 


105 


7 


1.45 


,7 


10^ 


8 


120 


8 


2. 


\b 


12,0 


9 


135 


9 


2.15 


,9 


1?,5 


10 


150 


10 , 


2.99 






11 


165 


20 ' 


5. 






12 


180 


30 


7.80 






16 


240 


40 


la 






20 


300 


50 


12.30 







The manner of applying this Table ia evident from the last Example. 

TABLE III. 
Decimal part* of an Hour. 



V 
2 
3 
4 

5 

6 

7 

8 

9 

10 

20 

30 

40 

SO 






,01666 


1" 


,00028 


,03983 


2 


,00056 


,05 


3 


,00063 


/)6666 


4 


,00111 


,06383 


5 


,00139 


,» 


6 


,00167 


,11666 


7 


,001J»4 


,13983 


8 


,00222 


,15 


9 


,00250 


,16696 


10 


,00277 


,33383 


20 


,00656 


,6 


80 


,00833 


,66666 


40 


,0)111 


,83333 


50 


,01388 
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TARLE IV, 
Decimal parti of a Degree. 



Mia. 


Dec. 


Min. 


Dec 


Sec 


Dec 


Sec 


Dec 1 


1 


,01667 


31 


,51687 


1 


,00028 


31 


,00861 


2 


,08833 


32 


,53333 


2 


,00056 


32 


,00889 


8 


,06000 


83 


,55000 


3 


,00063 


33 


,00017 


4 


,06667 


S4 


,56667 


4 


,00111 


31 


,009*4 


S 


,06838 


35 


,56333 


5 


,00138 


35 


,00072 


6 


,10000 


96 


,60000 


6 


,00167 


96 


,01000 


7 


,116^7 


37 


,61667 


7 


,00194 


37 


,010:^8 


8 


,13333 


38 


,63333 


8 


,00222 


38 


,01056 


9 


,15000 


39 


,65000 


9 


,00^ 


39 


,01083 


10 


,16667 


40 


,66667 


10 


,00278 


40 


,01111 


11 


,18333 


41 


,68333 


11 


,00306 


41 


,01139 


12 


,20000 


4S 


,70000 


12 


,00333 


42 


,01167 


IS 


,21667 


43 


,71667 


13 


,00361 


43 


,01194 


14 


,23333 


44 


,73333 


14 


,00389 


44 


,01222 


15 


,25000 


45 


,75000 


15 


,00417 


45 


,01250 


16 


,26667 


46 


,76067 


16 


,0OU4 


46 


,01278 


17 


,28333 


47 


,78333 


17 


,00472 


47 


,01306 


18 


,30000 


48 


,80000 


18 


,00500 


48 


,01333 


10 


,31687 


49 


,81667 


19 


,005*8 


49 


,01961 


20 


^xsm 


50 


,83333 


20 
21 


,00556 


50 


,01389 


21 


,35000 


51 


,85000 


,00583 


51 


,01417 


22 


,36667 


52 


,86667 


22 


,00611 


52 


,01444 


23 


,38333 


53 


,88333 


23 


,00689 


53 


,01472 


24 


»40000 


54 


,90000 


24 


,00667 


54 


,01500 


25 


,41667 


55 


,91667 


25 


,00694 


55 


,0I«8 


26 


,43333 


56 


,98333 


26 


,00722 


56 


,01556 


27 


,45000 


57 


,95000 


27 


,00750 


57 


,01583 


28 


,46667 


58 


,96667 


28 


,00778 


58 


,01611 


29 


,48333 


50 


,06333 


29 


,00806 


50 


,01639 


90 


,50000 


00 


1,00000 


90 


,00633 


60 


,01667 
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TABLE V. 
Decimal Number* Jor each Day in th/t Year* 



MONTHS. 



>r.'Mny June July Aug Sept.f Oct. [Noy.lDecf 
46 3r9 0.414 0.49R 0.581 0T6fi(> 0.747 «83; 0.914' 



D Jan. I Feb. [Mar I Apr 

T 0.000 ".01') 0.|fi>0.5?46< 

2 0.003 033 164 0.V49 0.:«1 0.4I« 0.499 583 0.fi68i0.750 836| 0.9171 

3 0.006 0.1.91 0. 167 v5 > 0.334 0.419 0.5020.58'? 0.671 O.^SS 0.838 0. WO 

4 008 O.OOrj 0. 170jO.V55 <'.337 OAn 0.501 0.589 0.67.'? 0.7.55 0.840 O.QiS 
^ OOn 0.096 0. I73|0.V58 0340 0^5 0^507 0.59i 0.tn5 0.758 0.8IS 0^6 

6 «)I4 0.099 |75 0.2:r.O 0.342 0.4i7 0.509 a504 0.678 760 0.845 0.9i8 

7 0.017 0. 10.' 0. 178 0.i(« 345 M.430 0.512 • .597 0.681 10.763 0.848 0.931 

8 019 0. 101 0. 181 O.ifiO 0.34S 438 0.515 0.600 0.684 0.766 0.85J 0.933 
90.0.S' 0.1(17 O.I8l'0.v090..'5l 0436 0.5180.6020687 0.769 0.854 0.936 

110 0.0;5 0.109 a I8(5|0.£71 :i53 0438 0^0 0-605 0.689 0.772 856 0.939 

i 1 8 0. 1 1;? 0. 189 (li74 0.356 0.441 0.5i3 608 692 0.775 ".859 0.942 
J2 0.030 115 0.1!)2;0.i77 0.359 0.444 0.5i6 0.610 0.695 0.777 0.86V 0944 
13 0.033 'MIS 0. I9.", 0.V80 0.362 447 5v9 0.613 0.6i;8 0.780 0.8ft5|0.947 

0950 
0.9£3i 



140 0:i(5 0.hOO.I97;0^8^ 0.364 0.4490.531 0.616 0.70J 0.782 0.867 
115 0.039 Ohp 0.200 0.V85 0.S67 0452 0^4 0619 703 0785 0.870, 

116 (Ton 0. J!:7 O::03 Oi88,O;i70 04.550537 0622 706 0783 < .873 0955 

117 0044 1 5:9 OiO*! Oi9l 0373 0458 0540 0625 O709 0791 0876 09f^ 

118 0046 131 0'i08 Oir93 0375 0460 542 06i7 071 1 0793 0878 0J6I I 
19 OOI90 134 021 1 2J)6 0378 0463 0545 O630 0714 07i;6 n.88i 0.r6l! 
200052 0J37 <K2I4 0299 0&8J 0466 0548 0.633 0717 0799 0^4 0CC6 

n 0056 140 0217 0302 0: 83 0468 0.551 0636 720 O802 0887 0169 
22 0057 142 0219 O304 .^86 0471 0553 0638 07V2 0804 O890 0971 
?3 O060 0145 0-222 Oi.07 0389 0473 0556 0.641 0725 O807 0893 0.974 
24 O06:i O I4H 0225 OS09 0392 0476 0559 0644 07i8 O8J0 895 ''.977 
25 O066 0J5I 02i7 0312,0395 0479 0562 0647 0731 0813 OttBB O960 

iO 0(i8 l.-VI Ov30 0315 0397 0482 564 0649 0.733 0815 O900 0983 
27 071 1.T* 0-^S3 0318 O400 04a5 0^67 0652 0736 0818 0.903 0.685 
,28 074 <». L-iO 02S6 ".320 0403 0487 0570 0655 0739 0821 O906 0988 
29 O077 0162 Oi39 03.-3 O406 O490 0573 0657 0742 0824 0909 0991 
SO 0079, 024 1 03^6 < '408 0493 575 OOTO 0744 0826 0.912 0994 



31,0082 



02441 



0.411 



10578 0.663, 0829i 



0967 
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TABLE VL 
For reducing Sidertal to Mean Solar Tim$. 



UOVL 


Blln. Sec. 


MiiL 


Bee 


Sec. 


Sec. 


I 
2 
3 

4 
5 
6 

7 
8 
9 


0. 9,83 
0. 19, 66 
a S9, 49 


1 

2 
3 


0,16 
0,33 
0,49 


1 
2 
3 


0,00 
0,01 

O.nl 


0. 39, 32 
0. 49, 15 
0. 58,98 


4 
5 
6 


0,66 
0,82 
0,98 


4 
5 
6 

7 
8 
9 


0,Ul 
0,01 
0,02 


1. 8, 81 
1. 18,64 
1. 28,47 


'7 
8 
9 


1,15 
1,31 
1,47 

1,64 
1,80 
1,97 


0,02 
6,02 
0,02 


10 
11 
12 


I. 38,30 
1. 48, J3 
1. 67, 96 


10 
11 
12 


10 
11 
12 


0,03 
0,03 
0,03 


)3 
U 
15 


2. .7,78 
2. 17, 61 
2. i7, 44 


13 
14 
15 


2,13 
2,?9 
2,46 


13 
14 
15 

16 
17 
18 


0,04 
0,04 
0,04 


16 
17 
18 


2. 37,27 
2. 47, 10 
2. 56, 93 


16 
17 

18 


2,62 
2,78 
2,95 


0,01 
0,05 
0,05 


19 
20 
21 


3. 6, 76 
3. 16, 59 
3. 26, 42 


19 
20 
30 


3,11 
3.28 
4,91 


19 
20 
30 


0,05 
0,05 
0,08 


22 
23 
24 


3. 36, 25 
3. 46,08 
a 55,91 


40 
50 
GO 


6,55 
8,19 
9,83 


40 
50 
60 


0,11 
0,14 
0,16 



BiTLB. Subtf^ct the numbers foand in the table corresponding to the 
jiren sidereal time from that time, and it reduces it to mean solar time. 

Eji. Reduce 17A. 19m. 2S». sidereal time into mean solar tima^ 

M9^0m0m0m0<mm0 »00'0m0^^0m pir>m^00<^mma*^0m0*0 U 0| " 1 

JaJv 00'mm0 00^i0^^ig^0^^m0mm^<0<0<m0^0fmm04'^^0>0't^ \J U^U*9 



MesoMlar time 



•WMIPdMIMItlMMW 



2 50;27 
17A 19 23 

17 18 »,7S 



916 
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TABLE VII.— For converting Mean Solar itdo Sidereal Time, 



Hon. 


Mia. Sec 


MiiL 


Sec 


Sec. 


Sec 


1 
2 
3 


0. 9, 86 
0. 19, 71 
0, ^, 57 


1 
2 
3 


0,16 
0,33 
0,49 


1 
2 
3 


0,00 
0,01 
0,01 


4 
5 
6 


0. 39,43 
0. 49, 28 
0. 59, 14 


4 

5 
6 


0,66 

0,82 
\ 0,99 


4 

5 
6 


0,01 
0,91 
0,02 


7 
8 
9 

10 
M 
12 


1. 8,99 
1. 18, 85 
1. 28, 71 


7 
8 
9 


1,15 

Ml 
1,48 


7 
8 
9 


0,02 
0,0-4 
0,02 


1. 38, 56 
1. 48, 42 
1. 58, 28 


10 
11 
12 


1,64 
1,82 
1,97 


10 
11 
12 


0/)3 
0,03 
0,03 


13 
14 
15 


2. 8, 13 
2. 17, «9 
2. 27,85 


14 
15 


2,14 
2,30 
2^46 


13 
14 
15 


0/)4 
0,i04 
0,01 


16 
17 
18 


2. 37, 70 
2. 47, 56 
2. ff7, 42 


16 
17 
18 


2,63 
2,79 
2,96 


16 
17 
18 


0,04- 

0,03 

0,05- 


19 
20 
21 


a 7, 27 
a 17, 13 

a 26, 98 


19 
20 
30 


3,12 
3,28 • 
4,93 


19 
20 
30 


0,05 
0,05 
0,08 


22 
23 
24 


a 36, 84 
a 46, 70 
a 56, 65 


40 
50 
60 


6,57 
8,21 
9,86 


40 
60 
60 


0,11 
0,14 
0,16 



RuLB. Add tlie a£C«leration or the numbers found in the table cor. 
responding to the given mean solar time, to that time, and it reduces it 
to sidereal time. 

The application of this rule is evident, from t^e last e^mple. 

Timet sidereal and mean tolar. 

Given the houf in mean solar tira€, to find the sid#r«al time. 

Rule. To the given mean solar time apply the equation of time at the 
preceding noon from the Naut. Aim., but with a contrary sign, which 
gives the time since the sun's centre was on tlie meridian ; reduce this 
time so corrected to sidereal time, by adding the acceleration from Tab. 
VII. ; to which add the sun's R. A. at preceding nodn from the Naut. Aim. 

Or thus at short- 
Sid, time — mean solar time + equation of time at prcc. noon 4- ac- 
celeration for that hour -f- sun's R. A. at prec. no^n. 

Hence conversely. 

Mean sol. time = aid. time — tun's R. A. at pr«c noon — aec«l«ra- 
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Uon for the hour «o deduced by Tab.VJ. 4. eqiiAfcioiief tv»e«t preo. B090. 

This last rule Also gives the time of a ^»r'8 passage ov^ the meriditm 
in mean solar time, the star's R. A. being sobstitated for ud. time. 

Ex. Given mean solar time bh. 19m. 17,4«.t Koy. 8, 1827 ; to ^nd tb* 
corresgofuliQg sidereal time. 



Equation of time 



d. 
5 

+ 



rn. Xi 
19 17,4 
16 6,9 



3 35 



544,3 
55,? 



5 36 19,4 



bh 

SOm 

5m 

4« 



By Tab. VII. 








55,09 



R. A. Sua N. Aim. 



5 

14 



36 
51 



19,4 

25,8 



Sid. Time 



tf«^^<M^^^«W#lM»M* 



20 27 45,2 



When the longitude is different from that of Oreenwicb, a psopor- 
tional correction must be made for the difference. 

If the Naut Aim. is not at hand, sidereal time may be found very 
nearly by the foHovdng Table, merely adding the sun's mean R. A. in 
the table to the time of day where you are.— (^ Woodhotue.J 
Sun's mean R. A. 



- 


Hours. 


Days. 


M. S. 


Jan. 6 


19 


1 


3 50 


21 


20 


2 


7 53 


F^. 5 


21 


8 


11 49 


20 


22 


4 


15 46 


Mar. 7 


23 


5 


19 43 


22 





6 


23 39 


Apr. 7 


1 


• 7 


27 -Sir 


22 


2 


8 


31 32 


May 7 


3 


9 


35 29 


22 


4 


10 


39 38 


June 7 


5 


11 


43 22 


22 


6 


13 


47 18 


July 7 


7 


13 


61 15 


22 


8 


14 


55 12 


Aug. 7 


9 


15 


59 8 


22 


10 






Sept. 6 


11 






21 


12 






Oct 6 


13 






21 


14 






Nov. 6 


15 • 






21 


W 






D c. 6 


17 






1 21 


18 


. • 





Ex. Given as before ; tofintt thd 
sidereal time. 

h, M> *. 

Nov. 6th 15 



Att 'r««k<»«i«»«*. 



7 53 



Given time ...•»• 



15 7 5» 
... 5 19 17,4 



Sid. time * 20 27 10,4 

Or more accurately by adding the 
AiBOeleratioa &5,I«, ad fealid in\tAe 
last <^xample, to the given tiiae; we 
ekovdd have aid. time =,20. 28. 5,5. 
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FhMB tkli Mme TkUe and the TftHle of R. A. oC the principal wtxct 
(tm 8lar$t catalogue of J, may also be found the time of a star's transit 
orer tiie meridian in mean 8«ilar time nearly witiiont the aid of th* 
Mant. Aim. } the rnle b^ngr. 

Star's R. A. — snn's mean R. A. — acceleration = mean lolar timo afr 
the time of the star's transit 

To JInd the time of the moon or a ptaneT* paumg the meridian.'^ 
fWoodhouteJ 

let the iocreraent of snn*s R. A. in 2Ah. be a ; do. of a planet or the 
moon be A : let also the difference between the R. A. of the heavenly 
body and that of the son at the preceding noon, expresaed in ridereal- 
time, be tj then time of a plane t'li transit c= 

Or whan tiie planet is retrograde, time =: 

In the case of the moon, the time •== 

And In the case of a star, the time = 

Time error in, eorretpending to anp amaU gifien error ortariaHom in 
Ae decUnoHon, latitude, or altitude,^ Woodhouee.J 

(1) DeeHnaUon. 

Let t be the exact time fhMn noon, ) =: diangv of dedination, i ^ 
variation in the time, thai 

• = 9 (taa decUnatioa X rot I— tan. Ut X coeec Q 

This formnla is used in finding the time from equal altitadea of the 
snn, when there la a change of declination, in the interral betwacs the 
two obaenrationa, which there is always, except at the selstkciL 

II) Ohen He error in latHude to JSnd the error in time. 
Let A s error in latitude, • s do. in time, then 

• .= A (tan. dac^ X coaee. « — tan. lat X eot t) 

This formnla it nseftil at sea; for between the obaenration which da^ 
terminea the latitude from the annis meridian altitude, and the obaerra* 
tloB of the altitude, the obsenrer, if un board a ihip^ may half i 
h>piaea^a«diftemayh»yfph>hablyihaniiidhliktlfda^ 



Til A 

X«t • be the error in altitade, then 



( — 



sin. aisim. X co& \a/t.\ 

Hence for a given error in altitude i is the least when the body is on 
tbe pjrtme rerticat, the attitode /. Bho«ld be talfen near the eastoi: wmI 
points. ' 

Time of sun's passing the meridian, or the horizontal or vertical wire 
of a telescope.— ( Vince.) 

(1) I«t <2" = diameter of the sun estimated in seconds of a great dr- 
de j then the time of passing the meridian is 

d" X 8PC. dg clin. 

W' • 

The saflie will do for the moon if tt^' = \t» diameter. 
(2). The time of passing an horizontal wire is 
d" rad.» 

X 



15" oM. lat. X sin. aeim. ' 

The same expression must also give the time which the sun takes ia 
rising. 

If d" t= 1960" the horizontal refraction, w^ hare the time t^t reftac 

tion accelerates tlie rising of the sun = 

rafl.' 



132" X 



cos. lat X ^il4. azim. 



t3) The Hmo in which th« snh wtfold fXtaS th^ vtflleal wire of & t^fe- 
BftpetA 

d" rad * 

-T^rr X ^„ fl ^ ' — ^-T-Ti where tf =r / formed by the oirctes of 
15" COS. 8 X COS. dec. ' "^ ' 

altitude and declination. 

TORSTOK, elmtkity of.-^See Blanfto Bo^^^ equiUMnm of. 

TRADE- WIND.— See Wind. \ 

TRANSITS of Mercury and Venus.—C rince.) 

Let P =i*the*perto3iC tlmo of the earth, p that 6f V^iins oi* ^fcfcnr^, 

No^HMt m tilMmt tnaybft^^ again at the same node, the earflfcinasl 

• perform a certain number of complete revolntirme in ^e0ain«rtime.0t«t 

the planet performs a certain number, for then they mqsfc come in^ 

eonjuhrtion again at llie sarae'poiht of the eaHli*s orVi't, 6r nonrly in the 

same position in respect to the node. Let the earth perforthV revoln- 
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P = 9BSfiS6 ani Ut Mtrewf^ p = 87; 



£ = ^ = ^^ s (by RMiHif it iBto its cMtiiKied frse. 



T«l«tSom of tbe earth venrartjefiu] to i,Y5,29t5t^ 137, 191, ftc : 
fatfliBt of Mertarj, approoHdof nearer to a state of equality, the for. 
ffcer y«o go. The int period, or that of one year, is not soffldenti j 
oxarti the period of six years win sometimes briofr on a retnm of th* 
traaaitattheaaaieBode; thatofseren years more frequently; thatof 
IS yean sttU more frequently, and so <hl Vow there was a tranait of 
Morcvry at its descending node, in May, 1786; henee by continaallj 
•ddiac<l^7,L%33;46bicc t»it» yon get aU the years when the tranait 
may he txpecUd to happen at that node. In 178D titere was a transit at 
tta aarending node, and therefore by adding die same nombers to that 
year yoa will get tiie years in whirh the transits may be expected to 
happfn at tfiat node. The next transits at tiM descending node will 
happen in ITW, 1832, 1816, 1938^ 1891 ; and at the ascending node, in 1802, 
1815, 1922, 1835, 1846, 1861, 1888, 1881, 1891 For Vetnu, p = 224^7; 

'-"^I^^^^S^^W'II^**^ Therefore the period, 
are 8^ S35^ 713; fte. years. The transits at the same node will therefore 
aometimes retom at 8 years, bnt oftener in 235. and still oftener in 713^ 
kut. How In 1709 a transit happened at the descending node in Jane, 
and the next traasUi at the same node wiU bein20M, 2012, 2247, 2255^ 
1409, S4fiQ, 2733; 2741, and 2981. In 1639 a transit happened at the ascend. 
Ing node ia Norembar, and the next transits at the same node will be in 
1974^1882,2117,2125,2900,2368,2603,2011,2846, and 2851. Thcsetran. 
sits are foond to happen, by continnaUy adding the periods, and finding 
tiM years when titey may be expeHed, and then computing, for eadi 
tioM, the shortiflt geocentrie distance of Venns from the sna*a centre at 
the time of conjunction; and if it be lesa than the semidjametar of the 
aoa, there will be a transit 

TRANSIT tfa itmt tmi planet erer iht M0rkU&n.^S§e TVaut. 
TBAK8IT rfns f maia nf , U Mng itintoihg MeriMan.'^'Ste T i fc iaqp ft 
TKAPBZIVM, mrta <{/:— Sm Surveying, 
TBI ANOU^>bM «ntf ^pWiMf orwi q/>»«if Air«qi*V OMd 2V^ 






d 
i 
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TBIOONOM£TEY.*-r^O(x2AoiMe, Barlow.) 

I. Plane Trigoxometbt. 
Solution of the €a$es of right angled triangles. 

Let a be the base, b the perpendicular, c the hypothenuse, and A, B» 
C the angles opposite. 



Given. 


Sought 


Solution. 


Given. 


Sought. 


Solution. 


c,B 


a 
b 
A 


a = c. COS. B 
6 = c. sin. B 


a,c 


b 
B 




b = Vet — a« 
COS. B = — 




fl,B 


6 
e 


6 rr a. tan. B 
c = a. sec. B 


a,ft 


c 
B 


tan.B=- 

a 


*.B 


a 




a = ft. cot. B 
= 6. cosec. B 



Solution of the eaeee of oblique angled trianglet. 
Let.o, 5, e be the sides of the A ; A, B, C the /*« opposite to tlieoL 

Caeeh 

Given two sides and an Z opposite to one of them ; or two ^*s aod • 
^de ; to find the rest 

SohUion.^'The sides are proportional to the sines of the opposite ^*s. 

Note. When two sides and an ^ opposite to one of them are given, the 

case is sometimes ambiguous, viz. when the side a^aeeut is greater than 

the side opposite to the given /, and that ^ is acute. But in practical 

cases there will be foond some drcumstanoe or other to reipove tb« 

.•nri>iguity. 

Caeei. 

Given two iddes a and 6, and included ^^ C. 

Sdlntionlst Tan. - ^ = j=^. Tan. ^ ^ - S .. Hence A + B 

and A — B are known, and consequently A and B. 
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Solution 2d. Let a be greater than b. fljtd ia the tables an ^ such 
that tan. fl = r. -r- ; then r. tan, — ^ — = **°- — y~~" • ^^ (^ "-" '*^)» 

The latter method is the most concise in those cases in which the logs, 
of a and b are given. 

CoMSd. 
Given a, 6, c to find A, B, C. , 

Solution 2d. TCoe. 4 Y = '" X 



Solution Ist. Let S = fL±±±^j then ^sin. :^ V = r» X 



(c-4)'='-"<^^. 



8o,uaon3d.(T.n.^)' =,.x<l^^.' 



If the ^ sought be less than 90® use 1st method. 

If - I greater than 90® use 2d method. 

The third method may be used in all cases, except when the i_ sought 
is nearly 180®. When the £ sought i# very small, and great accuracy 
is required, a peculiar computation is necessary. 



3«e 
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IL flPBSKICAL TBtOMIOXBTftT. 

Solution of the *ix caaes of right angled spherical trianglm. 



Given. Soug. 



<?, b 



6,B 



b, A 



c, A 



a, 6 



A,B 



B 
A 



R 
a 



b 
a 

B 





a 



Fatues of the terms 
required. 



Cases where the "Q 
terms required 
are lejs than^ 

eon. 



Isin. B = 4":i 

8111. C 



Cos. A = 

I 

Cos a -r 



tan. b 

tllll. c 

cos c 



ros. h 



e Siu. c = 



sill. B 



„. ta.i. 6 

Sin. «- - —- 
1 t.in. B 

Sin. A =r , 



If 6 be less than 
9.J0 

If c and ft nrp of . 
Siiine liffuL-tiuii Jn» 



Do. 



.■^mljijiious 
Do. 

Do. 



_ titn h 

Tiin. c = — - 
, C')i, A 



I If ft and A nro of 
! saraeattec'tiou 




Cos. B = COS. ft X sin. A If ft be less !K3i>. 

I I 

Tan. flr = sin. ft X tan. A If A be loss Ofl«. 



Tan. ft = tan. c X pos. A If c and A W of 

t same atf'ei'tton 
Sin. a — sin. c X sin. A If A be acute 

lan. ji— -;-^ ^ , gjjQjg affection 



Cos. c = C03. a X cos. ft 



Tan. A = 



tan, a 
sin. ft 



If a and ft are of 
same affection 

If a be less than 
9(>». 



Cos. c = cot A X cot B If A and B are 
cos A **^ same afiiection 

Cos, a = . -^ 

' sm. B 



If A be acute 



If the A> instead of being right angled, is a quadrantal A, the rarest^ 
and perhaps the tdost expeditions method is to take the supplemental or 
polar A, and lolre it by the above table, taking the tupplementf of tha 
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fivra sides for tlw ^'s of tlw yoter A, md tlw sapptemeiits of the giren 
^'s for tbe sides. 

SohtUom of (he six ease$ tfttHfue Iji spherical Am. ^ 

Cam I. 
Giren the three sides a,b,eto fnd A. 

V, 2 / sin. 6. sin. e 

\ 2 / Sin. 6. sin. e 

Solution3d.rTan.4Y=r X •iHO^*?-?^ (« "^ . 
V, 2 / aw. S. SUL (S — a) 

Sometimes one of these methods may be mere eonva^ent thaa 
ther, see corresponding case in Plane Trigonometry. 

Case 2. 
Giren A« B, C to find a, && 

Solution Ist Let S* = A+L^_±_!9, then 

a Nt _ ^ — COS. S'. COS. (S* —A) 



(Si«.|)'=«X 



sin. B. sin. C 



« 1 ^ oj /^ « ^• w «»• (S*— B.) COS. (S* — C) 
Solution 2d. (Cot. ^) =r,X ^^i£^7-s:^c ' 

Solution3d.rTan.4Y=^X ^^.i^- «>«■ («- " A) 
V,, 2 y cos. (S* — B.) cos. (S* — C) 

S' is greater than 90o and less than 270o« .*. ~ cos. S' is foeHSrt, and 
whole quantity is positive. 

Case a 
Ciren a, b and included ^ C. Required A and B. 



Solution Ist Tan.^-±? = -r-' Cot. -5. 



sin. 



9 

a — » 



and Tmi. ^^ = —J-. Cot.^ 

^ sin. e+± * 

2 
from whence A -f- B and A — Bj and conieqoently A and B may be found. 
as also c, 
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Solution 8d. Bat if c be required alone, tlien it may be this determiiled 
independently of A and B. 

/i /iN« sin. a. «§ln. b. v. sin. C .. ^^ o / :« c Nt 
Assume (tan. 6)* = yrsiM^^ft) i tlien 2 ( sin. ^ ) 

r . sin, (g — 6.) (sec 6)* 

- ■ ' " ' • 

C^ue 4. 
Given A, B, and induded side e. Required a, b and C. 

A— B 

COS. — - — 

a •4' b « e 

Solution 1st Tan. — — = rT"R ^ **n. -s-. 

2 coa. A-h^ z 



sin. 



2 
A.B 



and Tan. -~--i = -~-= X tan. 4- 

2 sin. ^ + ° 2 

2 

From whence a + ft and a — 4 and .'. o and J may be found. 

Solution 2d. Or C may be determined independently of a and ft thu»^ 
Assume (tan. $)» = ▼er. sin, c. sin^A^sinu B^ ^^ ^ ^.^ C n s _ 

(A + B \ \ 2 / 

^cos. -|=-)* (sec. tf)« 

Given a^ b and A opposite to a j to find the rest. 

To find B, sin. B = JiSiAiifLL 

sin. a 

TofindC, cot£ =tan.|(A + B) i£Ml»±_*) 
^ wv -r ;. COS. i (a — ft)' 

To find c. 8itt.c = 8in.a. ^Hi£.. 

sin. A 

Com a 
Given A, B and a opposite to A. 

■in R 

Sin.fttetln a. jj~-j ; then C and c a» in the last case. 
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I^ ftad thi WMof a tplierUal A. 

Let A, B, C be tbe three uigles, then 

Area- A + B + C — 180». or, if r ss wMm of tji? sphere, aren = 
r X(A+B + C— 180«). 

III. TrIGONOMETBICAL FORMULiB. 

1. If f = sin. and c = cos. of an are A ; the arcs, of wliicb# is the sine, 
•re comprehended within the two formula?. 

2n r + A, and (2n^ + 1) ir — A, where «• = I8O0. 

Do., of which — # is the sine, are 

(2 n+ 1) a- + A,and (2 » + 2) ir— A. 

Do., of which c is the cosine, are^ 
2n«'+Aand(2» + ^T^A. 

Do., of which -* o is cosine, are 

(2 n + 1) r — A and (2 n + 1) ir + A 
in all which cases n may be 0, 1, 2, 3, &c 

2. Sin.(j + A) =8in. ^|-— a). 

S. Cos. A. = sin. / ~ — A ) =«i«.^^4. a). 
*. Sin. A. = cos. ^ Y"" -^ ) = — COS. ^^ + A V 



COS. A 



= Vl— «o».«A = — L 



cot A cosec. A 

1 
= cos.A.tan.A = vffSPS 

tan. A -2g|n.j^^,2cofcH A. 



v'l +tan.«A 

_. / I — cos. 2 A _ 2 tan. I A 
^2 " r+tan.«J/ 



A 

1 



cot i A-4. tuni A cot A4>tan.iA' 

5. Cos. A = ' - = sin. A. cot. A. =■ r 

tan. A sec A 

S26 
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vl-f.tan.«A 

cot A , , . . . , . 

: = cos.t % A — sin.! yi A. 

Vl + cot.«A 

=• 1 — 2 sin. « J4 A = 2 co«. « J6 A — 1 

=: y 1 -f COB. 2 A 1--ta n.«|A 

2 "^ l + tan.«iA 

_ cot I A — tftn. I A _ 1 

"" coti A + tBn.| A ~ 1 -^tUL AAuTYa' 



.4».Taii.A=**^^ 



COS. A cot A 



=y 



1 = 



sin. A 



cos.«A Vl-.8in.»A 



__ ^ 1 ~ COS.* A _ £ tan, j A 
~~ COS. A 1 — tan.^JA" 

- g cot - 1 A _ 2 

■" coiTjA^l cotiA— taniA 

;.r cot A— 2 cot 2 A = — 17—-^^ — 

sin. 2 A 

si n. 2 A __ / 1 — cos. 2 A 

■* 1 + cos. 2 A — '^ 1 + cos. 2 A* 

Formula relcUing to hoo ara. 

1. Siq. (A 4. B) = sin. A . cos. B + cos. A . sin. B. 

2. Sin. ( A — B) =. sin. A . cos. B — cos. A . sin. B. 

3. Cos. (A -f. B) = cos. A . cos. B -» sin. A . sin. B. 

4. Cos. ( A •<» B) =: COS. A . cos. B + sin. A . sin. B. 

^ ^ ' i — tan. A . tan. B 

- -. , . _v tan. A — tan. B 

0. Tan. (A — B) = -= r -. — r 5 . 

^ ^14. tan. A. taa B 

gn. (A + B) _ tan. A 4. tan. B _ cot B -f cot A 
• Sin. (A J. B) "" tan. A — tAnTB "" cot B — cot A' 

3S7 
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Cos. /A 4- B ) _ cot. B — tan. A __ cot A — tan. B 
** Cob. (A •*• B) "~ cot B + tao. A "" cot A + timTB' 

S in. A -H sin. B _ tan. | (A-f-B) 
^' Sin. A -8in.B " tan. 4 (A — B)' 

Cos. B 4 - COS. A cot j (A + B) 
*®- Cos. B - COS. A "^ tan. \ (A - B)' 

11. Sin. A . COS. B = 4 sin. ( A + B) + * sin. ( A ^ B). 

12. Cos. A . 8in.B=i8in. (A + B)— iaia.(A — B). 
la Sin. A . sin. B = * cos. ( A -^ B) ^ i cos. (A + B). 

14. Cos. A . cos. B = 4 COS. (A + B) + * cos. (A -»• B). 

15. Sin. A + sin. B = 2 sin, J4 (A + B) cos. )^ (A ^ B). 

16. Cos. A 4- COS. B = 2 cos. )6 (A + B) cos. >6 ( A ^ B). 

17. Tan. A + tan. B - ^^^-^-^55^. 

^ ^ slD. (A 4- B) 
la Cot A 4. cot B = soT.-iurB- 

19. Sin. A —sin. B = 2 sin. J^ (A — B) . cos. )6 (A 4- B). 
JO. Cos. B— COS. A = 2 sin. J6 (A -- B) . sin. J6 (A + BJ. 

„ sin. (A — B) 
«l.Taa,A-tan.B = 3^^^^3^. 

^ « . ^ sin. (A — B) 

82. Cot B — cot A = ,. \ . L 

Sin. A . sin. o 

rSin.t A — sin.« B = 7 
«• |co...B-co... A = f "»• (A - »' • "^ '* + »'• 

24. Co8.« A — 8in.« B = cos. (A -»• B) . cos. (A + B). 

-. r„ A *« sn sin. (A - B). sin. ( A -I- B) 
15. Tan.s A - tan." B = co8.« A . co8.« B * 

«» ^ * » * A Bin. (A-B).Bin.(A4-B) 
«. Cott B - cots A = gip.« A . 8in.« B 

17. Sin. B = sin. ( A 4. B) . cos. A — sin. A . cos. (A 4- B). 
28. Cos. B = sin. (A 4- B) sin. A 4- COS. A . sin. (A 4- B). 

Notc^To express the formul® to rad. r, multiply each term by that 
power of r that will make each term of the same dimensiona aa that twiq 
which has the highest dimensions. 
9S8 
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Bjiprtmontfor the tines and cotinet ofmult^U aret. 
1. CSm. (» 4- 1} a ?3 2 COS. n A. cos. A — cos.'(n — 1) A. 

«. 8C08. m A = (S COS. A)*"— w (2 cos. A)*""^ + '^•^^^^T^ 
<» COS. A) «-* - .2L(!2r^!?»na ^2 eos. A)« -« + *«. 

S. Sin. (}» + 1) A =£ S rtn. » A. cosl A —Bin. (»-*l) A. 

4. Sln.»» A=msin. A ^j- (sin. A)» +- — 2,3.i\ 

(■in. A)^&e, (m, odd.) 

9.^A.mA = c96.AfitktAA. A—Sii^'Zil ^in. a)» + 

m. (mi — 4) (m« — 16) , , . ^. „ \ , . 

— 2 3 45 ^ ("^ A)* *^c.^ (m even.) 

ft Let2 006. A=s»+ l.tIien2cosw« Asr^** -(--V ('••°7 ^o) 

7. (Cos. A + V"^ sin. A)*" = cos. M A + V"^ sin. m A. 
and (006. A — >/'Zn sin. A)** = cos. « A — V — i sin. «» A. 
whence we have in another form 

& Cos. «• A = (cos. A)** — *"• ^^^ ^^ (cos. A)**- ** (sin. A)t + 
«J»-.J)^m»-^ (eos. A)» - * (Bin. A)« - &e. 

Mdrin.* A = ii.(cos. A)»- ••to. A-5l^Jl(^-^(«<«.A)'»-' 
(sin. A)* &c 

9. Also if tf = No. whose h3rp. log. = 1 we have in terms of the impos- 
sible quantity VlTi 

nA VH^—nA VZr ^AV-T^ — ttAVTI 



^4- - 
Cos, n A = -J^ ,&sin. « A = ^::; 1— . 

2 2 V-1 

Ejepretiionx for the poteers of the sine and cosine of an arc. 

1. 2**" ^ (cos. a;** = CO?., n A + n. COS. (»^2) A + n. ^^-^ cos. 

.«— 4) A -f &«. 
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yaU. If»b««TenttielMtt«nnmi»talir»ftbe — - 

1.1 3. « ^ 

£jr«, 3 (cos. A)8 = C4M. 2 A 4. 1. 

St (MS. A)s = COB. 3 A + 3 eo0. A. 

2» (cos. A)4 = cos.4A + 4co«.2A + SL 

24 (COS. A)* = cos.5A4.5 coa.3A+10eos.A. 

» (cos. A}' = cos. 6 A + 6C06. 4 A + 15C0S. 2 A 4. 10. 

I »^1 

«. ^'^ (sin. A)* — -f co«. » A q: COS. (»— 2) . A + n. — ^— cos. 

(A-.4) A &c where tiie upper sign most be used when » is 4, 8, IS^Acc. 
and the lower when n is 2, 6, 10» &&, and in both cases the last term is 
as before, 
a 2**-^ (sin. A)* = i sin. n A qp sin. (» — 2) A +n.^^^=— sin. 

(»— 4) A, &c., where the upper sign mnst be nsed when » is 1, 6, 9, &e., 
and the lower when n is 3, 7, 11» &c. 
Ext. 2 (sin. A)t = — cos. 2 A + 1. 

2t (sin. A)t = — sin. 3 A + 3 sin. A- 

2i (sin, A)4 = COS. 4 A — 4 cos. J; A + 3. 

2« (sin. A)» = sin. 5 A — 5 sin. 3 A + 10 sin. A. 

8«(sin. A)« =-tCos.6A+6cos.4A~15co8.3 A + 10. 

8erie»for the tine and cotine in terms of the arc. 
l.Sln.4..= x-|^ + ^-|^ + &c. 
*x9 x* „ 

2. Cos.x = l--j-j + -i:^;x4-&<^- 

Value of the tine in tome of the most simple cases. 
Sin. 0«» = 0. 

Sin. 90= I jn:7f - ^yj-^^. 
Sin. i5«= lyrr^ - ^yr^- 

Sin. 180= ^. (VT — l)' 

Sin. SCO = -J • 
SSO 
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an. 36«= :jyio-8VT 
an. 450= JL. 

an. 540= i(^*^+l)- 



Sin. 600 = 



2 • 



shL63«= ^y5+v5 + ^ys-vT 

Sln.72o=^yiO + 2V"5- 

an. 610= ^ys + VT + J^S-VT 



Sin. 900= I. 
TWILI6HT.^Sm Rtfraetim. 
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Variation «»<< <ftp o/tt<? Magnetic Needle. 

TABLE I. 

SJiemng the variation of the Needle in nariouspartt of the etnih^from 
Professor Hansteen, of Chiistiania. 



Authority. 


Date. Variation. 


Latitude. 


Longitude 


Place. 




Luchtemacher 

Bartholin 

Lous, sen 

LooSyjun. ...... 

Do , 


1649 
1672 
1730 
1765 
1779 
17a4 
1817 
1718 
1703 
1771 
1786 
1817 
1761 
1779 
1786 


10 BO'S 
3S5W 

10 37 
15 5 

17 5 

18 
18 5 

5S7W 

11 48 
13 4 
15 3* 
15 SC 

13 50 W 

18 

19 


55 41' 

59 20 
63 26 


12 S5E 

18 4E 
10 22E 


Copenhagen. 

Stockholm. 
DroQthtim. 




Bucf^e 




WIeugel 

Elvius 




Wiicke 




Do 


Do 


Crunstrand .... 
Holm 


Berlin 


Vibe 






S31 
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Authority. 



Holm 
Hansteen ...... 

Billings 

Schubert 

Mayer 

Kraflt 

Henry 

Do 

Cook 

Kruseostern ... 

Kirch 

Do 

Bornouilii 

Schulze 

V. Siviudea ... 

Bellarmatos ^, 

Cassini 

La Hire 

Maraldi 

Do. 

Do 

I^ Monnier ... 

Cotte 

Bouvard 

Kendrick ....^ 

Harding 

Barrows . 
GunttT ... 
Geltibrand 
Bond . 
Oeliibrand . 
Halley 

mJ\M. ............... 

Oraham 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

gJ: 

§S: :::::::: 

Do 

Heberden 
Cavendish 



Date. VaricUion. 



••••••••■•••a 



••••••••••••••a 



**•••••••*•»••• 



1761 
1817 
1735 
1805 
1T26 
1774 
1805 
1812 
1779 
1805 
1717 
1751 
1770 
1785 
1805 
1797 
1804 
1541 
1666 
1687 
1707 
1720 
1740 
1760 
1780 
1800 
1814 
1745 
1791 
1588 
1622 
1^ 
1657 
1665 
1672 
1692 
1723 
1745 
1745 
1746 
Ma. 21 
Ap.22 
May 4 
14 
16 
De. 18 
1747 
1747 
I74« 
1773 
1774 



4 

11 

7 



• ' 

15 15 W 

20 3 

1 6W 
032E 
3 15W 
50 

16 
6 19E 
5 20 
10 42W 
14 16 

16 9 
18 3 

18 2 

19 40W 

21 13 
OE 


12 W 



Latitude. ^LongiHule 



7 

5 



10 10 
13 
15 30 
18 30 
20 35 
22 12 
22 34 

18 OW 
27 23 

11 15 E 
5561 
4 6 

OW 

2 SO 

6 
14 17 
17 
17 
17 10 
17 10 
17 15 
1718 
17 20 
17 15 
17 25 
17 30 
17 40 
17 40 
21 9 
21 16 



' 
59 55 

52 17 
59 56 

53 1 
52 3» 



46 12 
48 50 



10 42E 

104 HE 

30 19E 

158 48 
13S1E 

6 9£ 
8S0E 



Place. 



Chris^ania. 

Irkfitsk. 

Peterabnrgli. 

Ramtschatka. 
Beryn. 

Genera. 
Paris: 



53 81 
5131 



S53 41E 
00 00 



Dublin. 
London. 



33« 
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Authority. 


Dat€. 


Variation. 


Latitude. 


^Longitude Pkiee. 1 


Cavendish 

Gilpin 


1T75 

1786 

1787 

1788 

1789 

1790 

1791 

1792 

1793 

1794 

1795 

1796 

1797 

1798 

1799 

1800 

1801 

1802 

1803 

1801 

1805 

1809 

1814 

JuL 

Au. 

Sep. 

16^ 

1668 

1762 

1782 

1670 

1788 

17^1 

1817 

1690 

1817 

1722 

1817 

1766 

1820 

1769 

1788 

1803 

1609 

1817 

1614 

1752 

1804 

1610 

1677 

1768 

1806 


' 

21 43 
23 17 
23 19 
23 32 
23 19 
23 39 
23 36 
23 36 
23 49 
23 56 

23 67 

24 
24 1 
24 g-6 
24 I-S 
24 3-6 
24 4-2 
24 67 
24 6« 
24 8-4 
24 8-8 
24 11-0 
24 167 
24 17 9 
24 21-2 

24 20-5 
739 E 
SOW 

17 32 
19 51 

2 15W 
17 12 

5 12W 



2 25W 



2 52W 

1 OE 

14 low 

19 59 

15 43W 

20 1 

16 1 

21 OW 
15 

1 45 W 
19 

25 4 

? 13E 
040 
12 47W 

17 18 


U ' 

51 31 

38 48 

41 54 

19 
22 IS 
13 15 

32 36 

28 27 

20 10 

33 55 

15 56 


GOOD 

S50 6I 

12 28 

7145 

113 35 

79 57 

342 S7 

343 45 

57 28 
18 24 

354 12 


Londcm. 

LisbiUL 

Roma. 

Bombay. 

Canton. 

Madras. 

Madeira. 

TenerlfTe. 

Isle of France. 
Table Bay. 

St Helena. 




Do 


Do 


Do 


Do. 


Do 


T\t\ 


Do. 


Do 


Do 


Do 


Do 


Do 


Do. , 


Do 


Do. 




Do 


Do. 

Do , 


Do 


Do 




Martinius 

Do 


Ross 


Lowenorn ...... 

Aozout 


Mathews 

Yeates 


Fontenay ...... 

Yeates 


Mathews 

Yeates 


Wallis 


Mudflre ............ 


Flenrieu 

Krusenstern ... 
Keelinsr ......... 


Yeates 


Daunton 

Caille 


Bonsoe 


Davis 


Halley 


Wallis 


Krusenstern ... 



tf8 



jm-ntg. 


DaU 


r.,<^ 


L,„U^ 


E™«*«fa 


Pba. 


HnUiewi ....... 


1 


KSOW 

'i 


13 « 
33 

IS 33 
33 40 


ESJ14i 
SOOl* 

m 

148 !t 


SocotrsM. 

P.a.Jamalcl 

ValiarUw. 

EuterliluUI 

Owhy». 

ToDKBtaboo. 


BuilHsIl 


La Perouae .... 

Conk 

BroughtoD 

o^^-::::::::::: 



Skiaing Oe ^p afOeKm 



AfOerits. 


Bute. 


Dip. 


EoHlufa. 


«■•■ 


Flaei. 




ii 

IS 

1 
ii 

1788 

Ji 


k 

Ti N 

ij 







tikabik. 
Pari.. 

LanAon. 


HitoilHiUt 


l,»C»lll8. 


RidljT 


■*'^'""''- 


g^r^r"- 











A,M»it!,. 


Date. 


Dip. 


Lod'Cwfe. 


Lmt^tuie 


i-iBM. 


^^ "' 


17W 

1 

ii 


j' 11* 

II 

40 MS 

llf 


— 


SSL l» 


LoHhm. 

Bume. 
MidriH. 
Qeud'Hopt 


fe 


B>y^'ji^|- 




BHit H»ll 

Cook . 




BMiTHiiii 

HiuDbDJdt 
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1^ fl»d Um WMof a tpherkal A. 
Let A, B, C be the three angles, then 

Arm= A + B + C — 180». or, if r = nulMlt of the sphere, arei» = 
r X(A+B + C— 180«>. 

III. Trigonombtrical Formuub. 

1. If * = sin. and c = cos. of an are A ; the arcs, of wliich « is the sine, 
are comprehended within the two fonnal». 

2n r + A, and (2»+ 1) <r — A, where «• = 180». 

Do., of which — « is the sine, are 

(2 » + 1) ir + A, and (2 n 4. 2) r — A. 

Do., of whidi c is the cosine, are^ 
2n<r+Aand(2n4.2)ir^A. 

Do., of which -^ is cosine, are 

(2n+l)ir— Aand(2» + l)jr+A 
in all which cases n may be 0, 1, 2, 8, &c. 

2. Sin.(|^ + A) =8in.(j- a). 

S. Co8.A.=sin./~ — A^=ria^^+A). 
4t Sin. A. = 008. ^~ — a) =-.co8. ^-J + A V 



COS. A 



= Vl— eos.«A = — I 



cot A cosec A 

1 
= cos.A.tan.A = vif^^i^ 

tan. A 

= 28ia.)6 A.2coi.)^ A. 



Vl +tan.«A 
_ / I — CO S. 2 A _ 2 tan. i A 

- V a - 1 



^.tan.'! A 
2 I 



cot. i A+ tan.| A cot A-h tan. | A' 

5. Cos. A = . ■ - = sia A. cot A. - r 

tan. A sec. A 

22G 
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VENUS.— 560 Planett, elementi of. 
VEJUlJSttranntof.'^See Transit 
VENUS, phages of.^( Vince. ) 

In the case of Mercury, Venos, and Mars, \f6=. exterior ^ of elongft* 
tion, i. e. ■= supplement of the /^, which the earth and sun subteod at tha 
planet, the visible enlightened part : the whole disc : ', ver. sin. : di- 
^amet er. 

Hence Mercury and Venus will have the same phases, from their in« 
ferior to their superior coi^j unction, as the moon has from the new to 
the full ; and the same from the superior to the inferior conjunction, as 
the moon has from the full to the new. Mars will appear gibbous in 
quadratures, as the ^ Q will then diflFer considerably from two right ^s j 
and consequently the versed sine from the diameter. For Jupiter, Sa- 
turn, and the Georgian, the /, 6 never differs enough from two right /s 
to make them appear gibbous, so that fhey always appear to shine with 
a full face. In the case of the moon, the /i 6 very nearly equals the / 
of elongation ; .'. the visible enlightened part of the moon varies very 
nearly as the ver. sin. of its elongation. 

Venus is brightest between its inferior conjunction and its greatest 
elongation ; and its elongation at that time from the sun = 39*. 44^ 
Also at that time the visible enlightened part : whole disc :: 0,53 : S. 
Venus therefore appears a little more than one-fourth illuminated, and' 
answers to the appearance of the moon when five days old. This situ- 
ation happens about 36 days before and after its inferior coi]^nnctioB. 

Mercury is brightest between its greatest elongation and aoperior 
conjunction ; the elongation of Mercury at this time =: 22^, 18^'. 

VERNIER 

As instruments are now usually constructed, the following is a gene- 
ral rule for finding the value of each division on any vernier. 

Find the value of each of the divisions or s!ib-d)visions of the limb to 

which the vernier is applied. Divide the number of minutes or seconds 

thus found by the number of divisions on the vernier, and the quotient 

will give the value of the vernier division. Thus suppose each sub-di* 

vision of the limb to be b* or 300", and that the vernier has 20 divisions, 

300 
then -^TT- = 15" = value of the vernier. 

VESTA.«-This planet was discovered by Dr. Olbers, of Bremen, 
March 29, 1807. For its elements, &c., »ce PlaneU, elementi of. 

I 
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Cm. (A + B ) _ cot. B — tan. A _ cot A — tan. B 
Cos. (A •*• B) cot. B 4. tan. A "" cot A + Utn. B' 

Sin. A 4- Bin. B _ tan. |(A4.B) 
®' Sin. A — sin. B "" tan. i ( A — B)" 

Cos. B 4. COS. A cot i (A -f B) 
'"• C08.B- COS. A ^ tan. i (A -B)* 

11. Sin. A . COS. B = i sin. ( A + B) + i slA. ( A .^ B). 

12. Cos. A . sin. B = i sin. (A + B) — i siou (A— B). 
la Sin. A . sin. B = i COS. ( A -^ B) ^ i COS. (A + B). 

14. Cos. A . COS. B = i COS. (A + B) 4- i cos. (A ^ B). 

15. Sin. A + sin. B = 2 sin. J4 (A + B) cos. Ji (A -^ B). 

16. Cos. A 4- COS. B := 2 cos. J^ ( A + B) cos. J6 ( A ^ B). 

_ , , „ sin. (A + B) 
17.Tan.A4-tan.B=^.jj^-^. 

_ sin. ( A 4. B) 
la Cot A 4- cot B = I 7" ' . 

sin. A . sin. Jd 

19. Sin. A — sin. B =2 sin. J^ (A — B) . cos. 36 (A 4. B). 

80. Cos. B— COS. A = 2 sin. J6 (A — B) . sin. J6 (A 4. B). 

-, -, . . T. pin- (A — B) 

81. Tan. A — tan. B = ^ 5. 

cos, A. COS.B 

22. Cot B - cot A = «j»-(A-B ) 

sm.A . sm. B 

rSin.i A — sin.«B = 7 
«|cos..B-cos.«A = f«^-(A-B)»^(^ + ®5' 

24. Cos.* A — sin.! B = cos. (A -- B) . cos. (A 4. B). 

-. r« A . *r> sin. (A — B).8in. (A4-B) 
M. Tan.. A - tan.« B = \^,a.co ^«B ' 

mm n ^ r> 4. a s in. (A — B) . Bin. (A4- B) 
18. Cot. B - cot. A = ein.«A.sin.« B ' 

17. Sin. B = sin. ( A 4. B) . cos. A — . sin. A . cos. (A 4- B). 
28. Cos. B = sin. (A 4- B) sin. A 4. cos. A . sin. (A 4- B). 

Note.— -To express the formnlse to rad. r, multiply each term by that 
power of r that will make each term of the same dimensions as that term 
Virhich has the highest dimensions. 
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Cor. 1. If the vredge b« isoscelee, A D =; DB,ftn4 if reiUteiicw aet«t 
equal angles, 

AB . »AD 



F : R 4- R' 



/ •• 



Bin. LP M 'Bin-FRE* 



Cor. 8. If pimrflr set at right ^a to the baek, P .' R -f R 
sin. H /"of wedge . 



»^AB 



_AD_ 
B. PRE 
FR5: Crad,)«. 



8. PRE 



tin. H Z of wftdgB X sia. 




Cor, 3. If the resistances in the laxt Corol- 
lary act perpendicularly on the sides of the 
wedge, P : R + R' :: A C : A D. If the di- 
rections of the resistances he perpendicular 
to the back, P : R + R' *.: AC* : A D«. And 
lastly, if they act parallel to the back, P : 

R^R' ::C£: ad. 



Cor. 4. In the demonstration of the proposition, it has been supposed 
that the sides of the wedge are perfectly smooth ; if, on account of the 
friction, the resistances C F, C/are wholly effective, we hare 
P : R + R' : : sin. C F/, or F C A : rad. 

The power applied to the wedge is usually percussion, and almost the 
only instance in which it is used for the purpose of equilibrium k in tha 
construction of arches, built of truncated wedges. 

WEIGHTS and Measures, Tables of. 

Weiobts. 

mOY WEIGHT. 
Orains. 

£4 «».>.»»»«»»>«»#»<. 1 Pennyweight 



By this weight, gold, silver, jewels, and precions stones are weighed. 
It is also used for ascertaining the strength of spirits, for experiments in 
Nat. PhiloBophy, and for comparing the diiferent weights with each other. 

Standard gold consiBts of £8 parts of fine gold, and 2 parts of alloy ; and 
standard silver contains 97 parts of fine silver, and 3 of alloy. 

The standard price ef gold is £3. lis. lQ]^d. per ounce, or £48. lis. 6d. 
per pound, a pound being coined into 44^ guineas. A pound of standard 
silyer is now coined into 66 shillings, instead of 62 shillings, as formerly. 
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. By the Act of Parliament passed in June, 1824, all the weigphts remain 
as they were, the Act only declaring that the imperial standard Pona d 
J^roy 8h2]y)fiJbhe nnit or only «tandar<^ Pl^ag,"^^ "/ T*"*:'!?^*^ from which 
all other weights shall te* derived and computed ; that this Troy ponnd 
is equal to the weight of 22.815 cubic inches of distilled water weighed in 
air at the temperature of 62o of Fahrenheit's thermometer, the barome- 
ter being at 30 inches ; and that there Hpinpr^'^'^fin (fPMI? In 1 Tf^f p*;^"*'^, 
there will be 7000 such grains in a pound avoirdupoise. 

APOTHECARIES WEIGHT. 



Jraii 
20 


as. 


1 


Scruple. 






60 




3 




1 Dram. 




480 




24 




8 


* 1 Ounce. 


fiGO 




288 






12 1 Pound. 



1 Ci^ J J) Brams 
16^ 



AVOIRDUPOIS WEIGHT. 



^m^0^^i^^0^ 



I Ounce. 
256 .>,»^^»»- I6<«.«^ 1 Pound. 

7168 448 28 1 Quarter. 

28572 1792 112 4 1 Cwt. 

573440 ...-w.^ 35840 «^ 2240 80 ,.^ 20 I Ton. 

Avoirdupois weight is used for all coarse and heavy goods, such as 
butcher's meat, groceries, bread, cheese, butter, tea, &c., and all metals, 
except gold and silver. 

The 8ta tij .te stone j s 141b., but it varies in different places ; in London 
81b. make a stoiie oT butcher's meat 

An avoirdupois pound : pound Troy : : 175 : 144 or : : II '.9 nearly ; 
and an avoirdupois pound .= lib. 2oz. lldwts. 16 gr. Troy; and a Troy 
ounce = loz. l,55dr. avoirdupois. , 

WOOL WEIGHT. 



Pounds. 




7 ^^>^^ 1 Clove. 


14 2 


1 Stone. 




2 I Tod. 


182 26 


13 6}^ I Wey. 




fr6 — 13 2 1 Sack. 


4S68 624 


312 156 24 12 1 Last 


In the northern counties woolstnplers allow SOlb. to the ted, sad 6 


todt to the pack. 
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:tm 


HAY AND STRAW, 


?Jf 


Sfilb. of straw «--».««.«.*^ 


irte! 


661b. of old hay >make 1 truss. 


poiffl 


601b. of n&w hay ^^^j 


36 trusses „*^«^ — .^v.,-^«.«w 1 laad. 


iijnli 


BREAD. 



I 



/6#. ©r. rfr. 

A Peck Loaf weiglis ^^^^,.„.w^>.,^.^ 17 6 
■" xiaii rccK »»»^»w». ^ »«»»i>^i«»< o <»<. » »^,»<>,<»vt oil 

Measures. 

CLOTH MEASURE. 
l«ch. 

9 >#»>«v»vv^ 4 .r.^.^^ I Quarter of a YarA 
2X> ' >.r*»i»j»'>»^ Iv ««^«^M<• 4' ,«i««««<».< 1 Yard. 
«7 ifyo^^^. ^ ^ 12 ,.»^s»x. 3 >«'»«K«v«.^ 1 Fleinish £11. 
45 „..««„«« 20 ....^^ 5 ,«>„»«.^ 1 English EU. 

LOA^G MEASURE. 



Bftiley corns. 

3 Mww* 1 Inch. 



86 ..^ 12 1 Foot. 

108 -^ 86 ,.^ 3 I Yard. 

SM..^ 108 16J^„ 5>^ 1 Pole. 

23760..^ 7920 660 220 ¥i^.^ 1 Furlong. 

' 190080 .•^ 63360 5230 1760 320 8 1 MUe. 

Also, 

4 Inches 1 Hand. 

\)i Feet .^ ,>. 1 Cubit. 

o f eev »*>r»*,rrt.0 »..»^. »».»<«.»»■#«»<»»», <»««^ 1 jb atnom. 
3 Miles ..>..^^>,>»^,>^...„^,^,^..^ 1 Lea^e. / i . 
60 Geographical Miles „,>>,^»w»>^m^ 1 Pegree. oA LMaAm'V^ 
(&% English Miles >,>,.^,>>^y^.,>^..,^....,>. 1 Degree nearly.n 

By the late Act of Parliament it is declared, that the Imperial stand, 
ard yard (wliidt is the sane as the old yard) shall he the unit or only 
atandard meanure of extension, w^erefrom all other measures of exten. 
sion wha««oever, wlietknr the same be lineal, auper6ei<a, or aoUd, shaU 
be derived «BdMmpi]J»d ; and tJUat the In^^kU et«nj|bcd yard, whea 
compared with m feodulmn ribrating seeoods of mmn time in the lati- 
tude of London, in * vaonnm at the level of the a«», is in tibe proportion 
of 96 inuobes to 99.1393 ine bes. 
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Vote.-^The following standards, accurately measured, gire theM r*. 

«alt8:— 

Inches. 
General Lambton's scale, used in India 35.^9dSl 

ar G. Shuckburgh's scale 35.99998 

General Roy's scale 36.00088 

Royal Society's standard 36.00135 

Ramsden's bar » 36.00240 

SQUARE OR LAND MEASURE, 
Feet 

1089O ^^.^^^.^ 1210 ..w. 40 «^^ 1 Rood. 
43560 ^^^>,.^ 4810 ..^ 160 .^^ 4 .««^ 1 Acre. 

For further observations on this measure-^^e Surveying. 

WINE MEASURE. 
VintB. 

8 <>»w*«<ww 4 M«M 1 Gallon. 

336 «»w^«>>i«*w 168 Mv>w 42 »^*^ 1 Tierce. 

504 .^^*>.,^>^ 252 «.^«. 63 ^..^ 1} f.^ 1 Hogshead. 

672 ..^^..^^^^M^ 336 .^.^ 84 .^^^ 2 ....^ I^ ...^ 1 Punch. 

lUUS rfi^<»^^#w<<^^ dU-l* ^>iFs0^^ IdO tf'^^vw O «#«^<#«* i& <^^^*^ if »»»»»y i JrJpC* 

This measure is used for wines, brandies, rum, honey, oil, vinegar, &c 
A cask of rum, which contains from 95 to 1 10 gallons, is usually called a 
puncheon ; a foreign pipe of wine varies from 110 to 140 gallons. 

ALE AND BEER MEASURE. 
Quarts. 

4 «»..*>«..»* 1 Gallon. 

oo *^*^>*^** ^* n #srrf^^« 1 xirKin. 

72 ^^>>^>>^^ 18 „^^ 2 ^0.^^ 1 Kilderkin. ^ 
)44 .w^MfvvrM S6 »#vMw 4 ««.^ 2 M«.» 1 Barrel- 
Silo #«<»«» w in»»o d4 .wMMw D »»^.» o <Mv*. 1^ K W .M 1 JnOgBne&CL 

By the late Act the old Wine and Ale Gallons are abolished, and the 
Imperial standard gallon substituted in their place. This is declared to 
ieontain ten pounds avoirdupoise weight of distilled water weighed in 
air at the temperature of 68o of Fahrenheit, the barometer being at SO 
indies. Flrom this standard gallcm all other measares of capacity, aa 
well for wine, ale, beer, spirits, &c, as for dry gooda not mewured by 
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keap measare* shall b« derived and compated. Two of these galloat 
make a peck, and 8 such gallons make a bushel, and 8 such bushels a 
quarter of corn, or other dry goods not measured by heaped measure. 

The above bushel of 8 Imperial gallons is also to be used f or coals , 
cuhn, fish, potatoes, fruit, and all other goods commonly sold by heapc 
measure, which goods are to be hei^d up in the form of a cone of at 
leaatsix inches in height, the base<^lB9^ne being \%% inches diam- 
eter. 

The Imperial gallon contains 277.274 cubic inches. 

TTie old wine gallon 231 do. 

The old com ..»....»................„.m.. 268.8 do. 



The old ale .....m •• 



•••••••••••••••••••« 



.. 282 



do. 



TABLE OF FACTORS, 
For converting old measures into new, and the contrary. 



% 


By decimals. 


By vulgar fractions 
nearly. 


Corn 
Mea- 
sure. 




Ale 
Mea- 
sure. 


Corn. 
Mea- 
sure. 


Wine 
Mea- 
sure. 


Ale 
Mea- 
sure. 


To convert old 
nwasoret to new. 


.9GM3 


.83311 


1.01704 


31 
38 


5 



GO 
iO ' 


To convert new 
meaaorea to old. 


1.03l£3 


1.20088 


.08324 


32 
31 


6 

5 


SO 
60 



N.B. For reducing the pricee, Hieae Humbert must all be reveraed. 
£r. Reduce 63 gallons wine meaaure to the equivalent number In bn. 
perial measure. 

68 X J8S11 or 6S X |- =r KH Imperial gaUoos neariy . 



Pints. 
8^ 

16 

64 



Sit 



SIfO 



DRY Ojr CORN MSA8UBE. 

1 Gallon. 

S IPadc 

8 MWM V •viMi* 1 Boahci. 

IR.^ 16 4-^ ICMmb. 

64.^ Sf..^ 8«^ 2 ..^ 1 Qoartar. 
aS0w«^ 160..^ 40.^^10..^ 5..^1Wty. 

64O.^»O.^80 20.^ 10,,^S.^lLwt 

U 
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Also, 

f busheb make 1 boll. 

3 bueheb ,>>^w>^.^ 1 sack. 

36 bushels ^^.*^. 1 chaldron of cofdi at London. 
68 boBhels ^ ^ ^ ^ ^~ 1 do. Newcastle. 

The I^ndoa chaldron wcig-hs 28J c^kL ; and the Nowcahtle chaldroo 
A3 cwt. 
A bushel, water measure, is 5 pecks. 8 chaldrons a kcol. 

ME AS V HE ITINERARY. 

Y<f*. I Ydt. 

MUeofJlussia 1100 



of Italy 1467 

of Euffland 1760 

of Scotland & Ireland 2200 

Old .league of France 2200 

Small leagiie do 2933 

Mean leagne do 3667 

Great league do. 4100 



MileofPolftnd 4400 

of l^ain ~ 5028 

of Germany 5^87 

of Sweden 7333 

of Denmark 7333 

of Hungary ».. 8800 



TABLE OP MISCELLANEOUS ARTICLES. 

24 Sheets of Paper make ^^>;.^>.>«>*«.«»«>«. 1 qnire. 

3Ei^ ^UirC9 ^'^>^^>^^^0**0^i0<0>f^i^^^0^^»^i^^00>0'imi00'0'0m000'^f0*m 1 UtllUCT B rc«UD« 

^v XVGaZlJ S 0'^'^>0<^^>^00^^^00>,0^0^0>000>0>0>0^i^<0>0>0'0>0i0»0i0t0>0ii0»m^ 1 D U DCUC* 

Av XvCfUIlS 0^00»00^^^0^^0^00 0m00i0^0^^00mm00th0i^0*0i0pm0 1 DttlO* 

Ov OK1I18 »^<#MKxw^^»M^<wM^<^#'»^»»^w»^^<M*^»^<w<ii^» ' roil o« pttTcmncii^ 

13 Dozen of any things »»^##w#<w<»^#»*'*»#'» >^* 1 gfross. 

Jo \jrOSS ^•0-0»0^00>0^^0000^^v^0^00> *i**<*^^0^>^i^i0*0*'^ *** i grCov gTOeS* 

O oCOrO W0^i0^i0*0l0>^00l0^0>0il000>0>0^^ I0<00>0 00'0>m00>00l0>00>0<0m0 k ^TQoV IlUuUl CU« 

O^^J X)]rlClC3 00>0^^ S0^0l00^^0^0»0'>0'0^0^>0l^00>0>0m00l0>0t0m00¥*t0 1 IOttQ« 

o04f J3nCK.S 0<0^^0^0i0-0'0'0>0>0^i0^0^0»0^0^^^00>0>m^0w0^<*^0'^0'*^ m CuDlC j8Xu* 

40 Solid feet of hewn timber ^>^«»»>^» 1 load. 

50 Solid feet of unhewn timber ^0^^*,*^ I load. 

IIKI aCFOS ^00*^0mm0'0^000^0m0^^00'm000m0t0i,f0» m^t^^^mw^ 1 IHQO Of IHnO 

56 Pounds of btttter ,,,..,^^,^,,J^,^,,^ I firkin. 

64 Puondir of soap >»>«,«,>,»<»,w><»w>,»r»»»» » 1 flridn. 



19J Cwt. of lead, ^^>,>>.^.,... «,..*^ 1 fother.. 

84 PouncLi of tea ,>>■>>.>>>>..«.,,,... 1 che^t 

166 Pounds of rice >>»».«^>^#.>>^^^,^,^.^ 1 bag*. 

112 Pounds of raisins >»,>.»w>>>. ,.^,.w^,. 1 barret 

FRENCH WEIGHTS ^ MEASURES. 
A, few of the principal old French Mecuures. 

A point ^^^^T^^,,,^^ .,,-,„*..».,^^ ,0148025 English iddiei. 

A line ,,,,w,^ . ^ ,038315 

A foot > >...>..,,....■ ,........^^ 12,?89S6 

A lOiSc «'»>«>«^»*^^«» » ■^^<»<^»>»»l<»■ n> >» » »»<»««>« o,3<fiOD5 £iurljs}i fect^ 

According to Gen. Roy, an English fathom : a French toise :: 1000 
: 1066,76. 

Keic, or Metre, St/Hem. 

In the new system the nu'tre is the ten millionth part of the quadrant 
of the meridian =: 3.281 En^'li^h foet. The Art ife the square decametre, 
Mi^ tint VttrQ the cubic deoijnetre. 

Lineal Measure. 
Miliimetre .v^.>*,^«.^,.>.,>v*»«>>n^>^ 0.039^7 Elnglish luchea. 

C:eutimiitre ^«v-, .^.^^ 0.39371 

Decimetre *~- 3.93^/10 

Metre — *^^ 39.37100 

Pecametre .; — ^ .^^^^^^^ S^/3.71000 

Hecatpmetre «..,.^-« ,.^ 3*. -37. 10000 

ChUionoetre -..-^,,^ „^ 3l»')7l.0<XH)0 

Myriometre «^„ — ,«.,^ — . 3937ia00lC0 



Superficial Meant ^e. 
Are ^.^^^^.^^^^r^^.,^^^^,.^,^.^^,^ 1111.6010 Eujf. square vari^. 

Decare .^^^.^^^ lUG.OlGu 

He^utare .r.,^*^.,^, — •,..,«*.»„,.+ lii}UJCOO 

Measure ofcupaciir. 
Millilitre ^.^^^r^r^.^^^^.,,^,,. ^■, ^. .06103 Kng. cubic iu«:hei 

Centilitre >>^.^.>«^^^>>> » .^..,..,,, .filOJS 

Deeilitre ».^r.r^„^„^„^^, €.102SO 

Litre «^,*,«,^„«.,,-»«,,^,«,«^« Cl.O'iSiia 
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WH E 
A^vCnUunv i#^<Mi»i»w<v»»^*y^»<»»i ff i<M#tf w tf vlO> 28(100 

HeCatoUtre ^mm^^mm^^^m^^^mm^mm^^ 6102.80000 

y«r French Weight*. 

English Troj graini. 

Ja i l l ly i^jmiJuUft *»»MOO««IW«<(WW»«»<MM •UldvV 

Decagramme »»».0 » ***^* n »**r*^ 154.457D3 
xiecscogr auixzie <v<»»y^»t»*»^»*f*»^» i«^4^o/«^x9 
Chiliogramme »»<>»m>»»»»»>»»««*»**« 15M5.79880 
Myriogramme >.w»w»«> <>■■>■» 1544^.93860 

WHEEL and Axle. 

1. There is an equilibrium upon the wheel and axle, when tiie power 
is to the weighty as the radius of the axle to the radius of the wheeL 

Cor. I. Hence if the ^ameter of the wheel increases in the same pro* 
portion as the power decreases, the forc« with which the wheel is turn, 
ed remains unaltered. This principle is introduced in the construction 
of the fuzee of a watch, and of the mainspring on the tumbler of gun 
locks. 

Cor. 2. If 2 R be the thickness of the ropes by which the power and 
weight act, there will be an equilibrium when P : W : : rad. of axle + R 
: rad. of wheel + R. Hence the ratio of the power to the weight is 
greater in this case than the former. 

Cor. 3. In a combiuation of wheels and axles, where the circumference 
of the first axle is applied to the circumference of the second wheel, by 
means of a string or by tooth and pinion, and the 2d axle to the 3d wheel, 
&c. there is an equilibrium, when P : W :: the product of the radii of 
all the axles : the product of the radii of all the wheels ; or : : the pro. 
duct of all the teeth in the pinions : the product of all the teeth in the 
wheels. 

If the wheels be all equal to each other, and the axles equal to eadi 
other ; or if each wheel be to the axle on which it is fixed in a constant 
ratio, as for instance that of r to «, and if n be the nnmber of wheela Of 

Axies, p : w : : r»» : #*•• 
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H. Bequired the pressure up- x-v 

on the pivots A and B of the / ^\ 

wheel and axle >vhen in equi- a _£T 



llbrio. 



Xj 



g=?=^ B 



OP 



Let A = weight of the axle, 
tr = weight of the wheel, and 
let D be the centre of gravity 
of P and W, then the pressure on A from the axle = i A ; do. from the 

— — J do. from V and W - (P -f W) X 



6w 



whool = 



AB 



th« 



whole pressure on A = * A + « X b C -(-(P HLW^JB D ,^ ,. ^^^ 

A B 

manner the pressure on B = i A + F X ^ C ^ ^(P 4 - W) X A D 

WHEEL underihot and overshot.— C Platffair. J 

1. An undershot wheel (i. e. one carried round by the impulse of a 
etroam flowing tmder it) produces the greatest effect, or does the most 
work, wlien the wheel moves with one-third of tiio velocity of the 
water. 

For if V and c be the velocities of the water and iloatboard, the efFect 
in a given time will vary as (V — c)* X r, which is a maximum when 

If A = height due to velocity V, and a« =r the section of the stream, 
the effect when a maximum = ■ - — , i e. y;r of the water expended. 

Mr Smeaton found in practice^ that when the effect is a maximum, v 

equalled from J^ to >^ V j and that its effect instead of ::;:, was about % 

of the water expended. He also found that the expcnce of wajter being 
the same, the effect i* as the square of the velocity, and when the sec- 
tion of the water Ls the same, the effect is as the cube^if the velocity. 

S. In overshot wheels (i. e. when the wheel receives the water into 
buckets at or near the highest point) if A be the quantity of water is- 
suing in a second, and h the height due to the velocity of the circum- 
ference of the wheel, and r the radius, the effect of the machine is pro- 
portional to A. (2 r— A.) 

Coi\ Hence the effect will be the greater the less h is, «r the less the 
\flocity of the wheel j this however in practice is found to be subject t» 
347 U 2 



WIN 

com* limita6on8. Mr Smeaton was led from experiment to condudft 
that overshot wheels do most work, when their circumferences more at 
the rate of 3 feet in a second, but this determination is also to be under. 
stood with some latitude. 

3. In an overshot wheel, the machine will be in its greatest perfection ; 
when the diameter of tlie wheel is % of the height of the water abort 
the lowest point of the wheel. 

4. The power of the overshot wheel is greater, caeteris paribus, than 
that of the undershot, nearly in the ratio of 13 to 5. 

WIND. 

Winds may be divided into constant, or those which idways blow in the 
same direction ; periodical, or those which blow half a year in one direc- 
tion, and half a year in the contrary direction, which last are called mon- 
toonsi and variable, which are subject to no rules: 

I. Constant or Trade Winds. 

The trade wind at the Equator blows constantly from the east : from 
the Equator to the nortlu-rn tropic, or even as far as the parallel 25'* or 
300, it declines towards the N.E., aud the i..ort' so the further you recede 
from the Equator : and from the Equator to :he southern tropic, or to 
the parallel 25o or 300, it has a S.E, diroction. The line hoAvever that se. 
parates the opposite trade winds is not precisely the Equator, but the 
second or third parallel north. To a certain extent also they follow the 
course of the sun, reaching a little further into the southern § sphere, 
and contracting their limits in Mie north, when the sun is on the south 
side of the Equator ; and making a leverae change when he declines to 
the north. In a zone of variable breadth in the middle of this tract, calms 
and rains prevail, caused probably by the mingling and ascending of the 
opposite aerial currents. The pbaMioujenon of the trade winds may bo 
thus explained. The air towards the poles being denser than that 9k 
the Equator, will continually rush towards the Equator ; but as the ve- 
locity of the different parts of the earth's surface, from its rotation, in- 
creases as you approach the Equator ; the air wliich is rushing from the 
north will not continue upon the same meridian, but it will be left be- 
hind ; that is, in respect to the earth's surface, it will have a motion 
from the east; and these two motions combined produce a N.E. \^Dd on 
the north side of the Equator. And in like manner there most be a S.E. 
wind on the south side. The nir which is thus cootinuiiUy movingfrom 
the Pole.s to the Equator, being rarified when it comes there, ascends to 
the top til the atmot«phere, wvi then returns back to the Poles. 
3!S 
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IL Periodical Winds, or Moruooiu. 

Such would probably be the regular course of the trade winds snppos. 
ing the parts between and near the tropics were open sea. But high 
lands change or interrupt their regular course. For instance, in the 
Indian Ocean the trade wind is curiously modified by the lands which 
surround it on the north, east, and west There, the southern trade wind 
blows regularly as it ought to do from the E. and S.E., from lOo S. lati. 
tude to the tropic ; but in the space from lO^ S. latitude to the Equator, 
N.W. winds blow during our winter (from October to April) ; and S.E. 
in the other six months, while in the whole space north of the Equator 
S.W. winds blow during summer, and N.E. during winter. These 
winds are called monsoons. It was observed above, that the regular 
trade wind blows in the Indian Ocean from l(fi S. latitude to the tropic, 
bat there is an exception to this in all that part of tlie Indian Ocean 
which lies between Madagascar and Cape Comorin ; for there, between 
the months of April and October, the wind blows from the S. W., uDd in 
the contrary direction from October to April. But of both the constant 
and periodical winds it may be observed, that they blow only at sea ; at 
land the wind is always variable. 

Particulars of the Trade Winds, from Robertson.''C YoungU Natural 
Philosophy.) 

1. For 30o on each side of the Equator, thore is almost constantly an 
easterly wind in the Atlantic and Pacific Oceaus : it is called the trade 
wind : near the Equator it is due east, further off it blows towards the 
Equator, and is N.E. or S.E. 

2. Beyond 30<> latitude, the wind is more uncertain. 

3. The monsoons are, perhaps erroneously, deduced from a superior 
current in a contrary direction. 

4. In the Atlantic, between lOo and 28® N. latitude, about 300 miles 
from the coast of Africa, there is a constant N.E. wind. 

^ 5u On the American side of the Caribbee Islands the N.E. wind be» 
comes nearly £. 

ft. The trade winds extend 2fi or 4o further N. and S. on the W. than 
on the £. side of tlie Atlantic. 

7. Within ¥> of the Equator, the wind is always S.E. : it is more E. 
towards Aniurica, and more S. towards Africa On the coast of Brazil, 
when the sun is farnorthwanU, the S.E. becomes move S., and the N.E. 
more E., and the reverse when the sun is far southwards. 

B. On the coast of Guinea, for 1500 miles, from Sierra Lconc to st, 
346 
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Thomas, the wind is always S. or S.W. probably from an inclination of 

the trade wind towards the land. 

9. Between lat. 4® and 10°, and between the longritudes of CapeVerd 
and the Cape Verd Islands, there is a track of sea very liable to storms 
of thunder and lightning^. It is called the rains. Probably there are op- 
posite winds that meet here. 

10. In the Indian Ocean, between 10^ and 20** S. latitude, the wind is 
regrularly S.E. From June to November, those winds reach to within 
2^ of the Equator : but from December to May tlte wind is N. W. betvreea 
lat. 3° and lO** near Madagascar, and from 2® to 12® near Sumatra. 

11. Between Sumatra and Africa, from 3" S. latitude to the coasts on 
the N. the monsoons blow N.E. from September to April, and S.W. from 
March to October : the wind is steadier, aud the weather fairer, in the 
former half year. 

12. Between Madagascar and Africa, and thence northwards to the 
Equator, from April to October there is a S.S.W. wind, which further 
N. becomes W.S.W. 

13. East of Sumatra, and as far as Japan, the monsoons are N. and S. 
but not quite so certain as in the Arabian gulf. 

14. From New Guinea to Sumatra and Java, the monsoons are more 
N. W. and S.E. being on the south of the Equator ; they begin a month or 
•ix weeks later than in the Chinese seas. 

15. The changes of these winds are attended by calms and storms. 

IIL Winds varitible. 

In the temperate zones the direction of the winds is by no means so 
regular as between the tropics. In the north temperate zone, howerer, 
they blow most frequently from the S.W., in the south temperate zone, 
from the N. W. ; but changing'frequently to all points of the compasa, 
and in the north temperate zones blowing, particularly during the 
spring, from the north>east. 

From an average of 10 years of the register kept by order of the Royal 
Society, it appears that at London the wiodi blow in the following 
order :— 



Winds. Daps. 


Windf. Days. 




South-east ^^w.^^.^.. 32 


North-east ..«^Ar«^ 58 


East ,.w^ — ^^^..^^.,.,^^^ 26 


North-west ^.^. 50 


South ~,-«^*« «v-^ 18 




North ^.^.,.r^^.,^^^„^ 16 



It appears from the same register, that the S.W. wind b!o\^8 at an 
average more frequently than any other wind during every month of tha 
330 
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year, and that it blows longest in July and August j that the N.Ef. blowi 
most constantly during January, March, April, May, and June ; and 
most seldom during February, July, September, and December; and 
that the N. W. wind blows oftener from November to March, and mors 
seldom during September and October than any other months.— ^PAt/. 
Trans. 66,2. J 

The following Table of the winds at Lancaster, has been drawn up 
from a register kept for seven years at that place :— 

J)atfs. Days. 






S.R 

N. ^, 
N.W. 
E. 



w^^>*<^^^^m^0m0^0m0i0>00>^0i*^ 



#<»*#»^»^»»*^<W»^»i^»»<W<<< 



35 
30 
26 
17 



The following Table is an abstract of nine years observation made at 
Dumfries, by Mr Copland :— 

Days. Days. 



S. 

W. 

£. 

S.W. 



W»*MM>^^#^»rfW»W^»^»V»<^» 



iti0'm^^*>^>^^*^^>0>^^^m0'mm 



iw^#^^o^^»>»»»»r^^ii#^^^<i 



i^e<^^0^'m^'^i0>t**^0tf^^*^0i0^ 



28J 


N. 


69 


N.W. 


68 


S.E. 


50| 


N.E. 



w>#<^»#>^»<»#l^»»»#>**»#rl^»» 



rt»r#<<»»<^*<r*<»<»<^#^#^^^»*^ 



^^^»»»^^^*w<>^^»^*^»^^^^» 



36| 
25J 
18i 



The following Table exhibits a view of the. number of days during 
which the westerly and easterly winds blow in a year at diflFerent parts 
of the island. Under the term westerly are included the N.W., W., 
S. W., and S. ; the term easterly is taken in the same latitude :— 



Years 

obser- 
ration 

10 

7 
51 

9 
10 

7 

8 


Flacei. 


Wester- 


Easier- 

ly- 


Liondon «......................................*••■• 


233 

216 

190 

227.5 

23:2 

2U 

229.5 


132 

149 

175 

137.5 

133 

151 

135.5 


LiverDool •••••• .....••• •.••••..••••«• 


Dumlrles 


Branxholm, 54 miles S.W. of Berwick 
Cambuslanv. near Glas&row 


Hawkhill, near Edinburirh 






Mean ..«..••• 


220.3 


144.7 



u\ 
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IV. Wind, velocity of. 

The following Table, drawn up by Mr Smeaton, will gire the reader 
a pretty precise idea of the velocity of the wind in different circom. 
•taacea.— r-PA*/. Tram. 1757.; 

■ I 



Miles 

per 

Hour. 



2 

3 
4 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
60 
80 

100 



Feetper 
Second. 



1.47 

2.93 

4.4 

5.87 

7.33 

14.67 

22,00 

29.34 

36.67 

4401' 

51.31 

58.68 

66.01 

73.35 

88.02 

117.36 

146.7 



Perpendicular force on one square foot tf» 
avoirdupois pounds ana parts. 



.005 

.020 

.044 

.079 

.123 

.492 

1.107 

1.968 

3.075 

4.4g9 

6.027 

7.8737 

9.963i 

12.300 

17.715 

31.490 

49.200T 



Hardly perceptible. 
Just perceptible. 

Gently pleasant. 

Pleasant, brisk. 

Very brisk. 

High wind. 

Very high wind. 

Storm or tempest 
Great storm. 
Hurricane. 

Hurricane that teara up trees and 
carries buildings before it. 



_ 



WINDMILL.— rP'^y/aiV. ; 

L The impulse of a stream of air, striking with a velocity of v feet per 
•econd, oaa plane whose area in feet = a«, iucliued at an angle 6 to the 
direction of the stream, is in avoirdupois pound's, 

08 a* sin.« B 
440 

2. The sails of windmills are so constructed as to have different incli- 
nations to the plane of their motions at different distances from the axis ; 
greatest nearer the centre, and. least at their extremities. This is done 
iu order to make the momentum of the wind nearly the same as all dlf - 
ferent distances from the centre of motion. 

3. Supposing the sail of a windmill to be a plane, inclined to the axis 
at an angle fl, the effect of the wind to turn the sail in a plane, at right 
angles to its axis, will be the greatest when cos. 6 X sin.' is a maxi« 
mum, or when cos. 9 = %. 

This gives = 54" 44', and therefore the inclination of the sail to the 
plane of its motion, or what is called ttie angle of teeather, is 86* lO*. 
This is true only when the sail is at rest or just beginning to move. 
2f>'i 
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When the sail is in motion, and of course near the extremities of the 
sail, when it moves faster, the angle of weather must be less. 

Maclaurin makes the weather to vary from 26© Si', at the point of the 
sail nearest the centre, to 9o at its extremity. Mr Smeaton, however, 
by experiment has found the following angles to answer as well as any* 
The radius is supposed to be divided into six parts, and ^th reckoning 
from the centre is called 1, the extremity being denoted 6. 

Angle with Angle with the 

No. the axis. plane of motion. 

1 72" 18 

2 71 19 

3 72 18 middle. 

4 ; 74 ...« 16 

5 77J 12J 

6 83 7 extremity. 

4. From Smeaton's experiments it appears, that a windmill works to 
the greatest advantage, when it is so constructed that the velocity of 
the sails is to their velocity when they go round without any load, as a 
number between 6 and 7 is to 10 ; and also that the load, when the mill 
works in this manner, is to the load that would just keep it from moT< 
iug, nearly as 8,5 to 10. 

5. With different velocities of wind the loiid that gives the maximum 
effect varies nearly as the square of the velocity, and the effect itself w 
the cube. 

WIRE, time ofmn'ipatsing.-See Time. 



YEAR, length of. .-..See Earth elements of, and Calendar. 
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TABLE II. 



I.OOARITHMIC 



SINES, COSINES, TANGENTS, AND 

COTANGENTS, 



TO EVERY EVEN MINUTE OF THE QUADRANT. 



Note.—Yrova. this Table may also be found the Logarithmic Serants 
and Qosecants j the Ic^arithm of the spcant of aiiy arc b^iiig = 20 — 
log. cosine j and the logarithmic coeccant =; ';fO — loj^r- &iue. 



TABLE IIL 
Tahle of weful nmmben wUh fh«ir logariOmt^AMag^J 



Diameter = 1, drcomferenoe =^ r 



Conttantt, 



area of circle = -r 



content of sphere = -g- 



Hyp. log. r -— 
Length of are 1'' = sin. 1" .>»ww» » >» ww , 
— — 2" = sin. 2" 
— ^— 3" = sin. 3" 
— — -— 1' = sin. 1' 
10 



«M<MM<M>M*WMM 



00 mm 00i00m000i0m0 



««WIM<MI«MIMIM* 



1MW#w«WPiV«IMm# 



960'^expreMed in seconds » * » » » » » **» »» »»* w* *** 
Radius reduced to seconds »>.>»»^. » .»« » »w 
Radius reduced to minutes »»wwww»w»w»w»»w». 
Radius reduced to d^r^^s 
Number whose hyp. log. is unity 
Modulus of common logs* * *«« »* 0* r» *» * **» »* »» 
French toise = in metres 



•MIMIMIMMMMWMWM* 



«inMiMwt«w 



XXWWMWOWXWOWW 



= in English yards •«»»» 
= in English feet <.<■>*»**» 



French metre = in English yards 

•m^^mmm—mmmm == 111 EOgllsh fCCt »»»« W »<»W» 

—.1—- = in English inches 



tt mrn ^t ** ** 



French foot = in English feet 
French are zx in English acres 
French gramme = imperial lbs. Troy «. 
French gramme = in imperial lbs. a- 
▼oirdnpols ^f»» *r» ^» »* t»'******* 9* »*^ * m»***»» * 



French litre in imperial gallons 



ai4186e7 
0.7853982 
0.5235688 



XV. 



1.7721639 

o.8eeeou 

1.14«7S90 
.000001848 
.000000096 

.000014544 
.000290688 

.017453293 
.017452406 
1296000 
200264.8 
3437.74677 
57.299780 
8.718S8I829 
.434294482 
1.949040 
2.1315308 
6.3945025 
1.0086331 
3.2808992 
3a37079 
1.06OT654 
.02471143 
.00268068 

.00220006 
.22009087 



0.4671489 

9.8050899 

9.7189986 

0.2485750 
0.9942967 

aose703o 

16859746 

19866046 

5.1626961 

&463< 

&2418774 

a24185S8 

ail26050 

5.3144251 

&53627S9 

1.7561226 

0.43429459. 

9.637784S 

&2898200 

0.3286916 

a805812» 

0.0388716 

0.5159926 

1.5651741 

0.0276616 

a39S8e7! 



9.50B9501 
0.1010101 
a2810014 



7.428i92E 

7^436173 
aS426139 



At, 



iJT 



9.7514fiS0 
9.0067009 
a9412970 
5.3144251 
5.0133951 
18873089 
26l|a53087S9 
1.7581226 
1.7561447 
a887S&S0 
16859740 
&46S7861 
aS418774 
1.5697055 
03622150 
9.7101800 
9.6713084 
91911871 
9.9611284 
9.4810071 
a4048260 

16071021 
^.9717072 



^.6563827 
^6W3861| 



387 



C&tuttmti. 



¥—^ 



CukUft. degree 5= in sex, degrees 
mmmm, minate = — minutes -*-*. 

I ti II second .z: II !■ ' seconds »#*» — 
Iflmi drcmBftrence of the earth in 

bOM 

Plittnter ^.uu ■■■■ » ■■ ■ 

Semipolar axis 




UiJ#i*W<i^»»«»»'#W# i<#<»^»i»»<» 



Dtf^rence 

Ciroimfwrf^ieo of the Sqqator 

iofQCmvbleM mile in fwt 

124 hwnn expreesed lo tecof^ds -. «■ >»■■» » ■» 

UHiirMa accelenitlon of stars in wean 

solar wconds i» «« « u »> " ^<« ■r M » w *»»»" 

BMereal day (88*. SBm. 4aa».) in mean 
Milav days <ir w i«'»»»'! '" «i« w » >■> »"" "" *'* *** ***** " 
iolar mean day i^h. 3fl>. «&55M«} lu si- 
dereal a>ys^.H"" "' 

BUtereal revolution of earth in mean so- 
tar days ow *** ■■>«««« i w » w »«»' « ' « ■— <■ <M t »m 
Tmpifal rcTolatiett of earth la mean 

solay daya j > n ■- ■?- '•■' '—^"--^ 

C«Me i»rh of distilled water in grabM 

(Baf. »to. IWt Therm. 68^) 
A« o«B(o of water lA c«hle inches 
e«iblo inches in tlie Imperial gallon 
Lenglli «»f seconds piiidttltiin at Uod<« 
Force of gra irity at Lendon in feet ^ 



.9 

.54 

.884 

24856 
7912 
3963.349 
3949.669 
12.680 
24896 
6075.6 
86100 

8S5.9093 



9.95424S5 
9.7323938 
9.5105450 



a04975r75 
0.2676062 
0.4891560 



4.395431S 516045686 



3.8082863 

35079528 

3.5965608 

I.109119S|8 

4.39612S6 

3.7835892 

4.9365137 






6.1017137 

6.4020472 
,6.4031392 



56038701 
6.2164106 
5.0631869 



2.3727451 



7.687SM9 



99726967 9.9£831£6 Q.Q011874 



I.«fi7a7ei 0.0011874 



9.9968124 



365J5636 



&56e58i»i 7.43741 



865^84824 ad6S581Q7. 



2^2.458 
1.73398 
97t27« 
99.1393 
3g.l908* 



2.402189> 
0.2S87&^4l9. 

,4429124 
1.592613C 
1.5077228 
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EXPLANATION AND USE OF THE TABLES. 



TABLE L 

1. Tojind the log. of any given number. 

If the given number be under 100, its log. is foand in the first page of 
the Table, immediately opposite to it. 1 has log. 66 is l.8ItfM4. 

If the No. consiti of three figu/re»t find the given nnraber in the colomn 
under N, and opposite to it in the next column, marked at the top, is 
the dei'imal part of the logarithm required, before which pnt an index, 
tvhich is always less by unity than the number of integral figures in the 
natural number. Thus log. 448 is 2.65I2'<8. If the number should con. 
sist wholly of decimals, the index of the log. is then negative, and it is 
indicated 'by the place occupied by the first figure in the decimal. Thus 
the index of the fog. of .M is — 2 ; of .006 is — a Bnt to avoid the con- 
fusion that might arise by the addition and subtraction of negative in* 
dices, it is cust«>mary to take the arithmetical complement o^ the nega- 
tive indices, and to consider these complements as positive j thus 8 is put 
as the index of .&( ; 7 as the index of .006. 

Jfthe No. comiat of four figuregf the three first are to be found as he- 
fore in the side column under N ; and under the 4th at the top will be 
found the logarithm required, to which prefix the index as befoi e. Thus 
log. 7218 is 3.858417. If the No. be odd, and .*. not contained in the 
Table, take the difference of the logs, of the Nos. next greater and lesa 
than the given one ; and add ^ this difiTerence to the less log. Ihas if 
lew. 7217 were required, we have by Table 

Log. 7218 .. S.85»»17 

Log. 7216 a85^ 

120 
the ]4 of which, or f 0, added to 3.858297 gives 3.858357, the log required. 
If the No. consigt of h figures or more, find the difiierence between the 
logs, answering to the first four figures of the given No., and the next 
Immediately following ; multiply this difference by the remaining figures 
in the given number, strike off as many figures from the right band as 
there are In the multiplier ; and the remainder added to the umT'* answer- 
ing to jthe first 4 figures, will be the log. required nearly. Thus if log. 
100176 were required, we have by last case. 

Log. 1001 000434 

1002 0008fi8 

431 
.*. 434 X 76 is 32984. From this cut off two figures, and it becomes 329.S4 
er SSO nearly. Whence to 000434 add 330 and supply the index, and we 
have the required leg. = 5.000764. 

2. Tojind the ncUural No. corregponding to any given logarithm. 
Look in the different columns for the decimal part of the given log. ; 
bat if you cannot find it exactly, take the next less tabular log., and in a 
line with the 1(^. found in the col. on the left marked N, you hare three 
flgores of the number sought, and at the top of the column in which the 
1(^. is, you have one figure more, which annex to the other three. As, 
however, the Table contains only the logs, of the even Nos., it should be 
observed that if the airen log. foils between any two of the tabular logs, 
and differs considenwly from both; in that case we mast find tlie log. of 
the intermediate odd No. aadicected above, and compare it with the giv<^ 
one; by whidi means the 4th figure of ttie No. sought (whether it be 
even or odd) may be c<M:rectly ascertained. The Bomber ef int^ers is 
always one mmre than the number expressed by the index. Thus the 
S89 



xxrL4irAnoir akd usx or tri tablxs. 

No. u»w«rliiff to 2.99S780 is 985.a If tbe nmnber be rea^ired to a^reit. 
or No. of places than foor, find the difference between the given and the 
next less log. To this annex on the right hand as many ciphers as there 
are figures required above four. Divide the whole by the difTerence be- 
tween the next less and next greater log., and the quotient annexed to 
the four figures formerly found will be the natural number required. 
Thus reqSed the No. to 6 places answering to the log. 4.687B56. The 
nearest less log. than tUs is W7886 corresponmng to which is the No. 4874 
The difference between 687956 and 687886 is 70, to this annex 2 ciphers 
and it becomes 7000, which being divided by 89, the diflEerence between 
the next less and next greater log. g^ves 79, .*. the number required ia 
48747.9. 

TABLE II. 

1. To find ike logarWmic Hue, cosine, %c. annoering to any given de- 
gree or mimde. _ , ,,, ^, .^^ , ^, 

Find the given degrees at the top of the page, if less than 4ft9, and the 
minutes in the left hand column j opposite to which, and under the word 
aine, cosine, &c. is the number required. But if the given d^ees be 
greater than 46» and less than 90», find them at the bottom, and the re- 
quired sine, cosine, &c will be found above the word sine, cosine, &a 
opposite to the given number of minutes in the right hand column. If 
the ffiven arc exceed 90«, find the siue, cosine, &c. of its supplement 
Thiwthe log. sine of 23». 28' is 9.600118 ; and the cotangent of 55«. 57' is 
9.829805. If the No. of minutes be odd, and .*. not contained in the 
Table, proceed as directed for the odd numbers. Table I. 

To find the logarithmic sine, tangent, 8fc. of an arc expressed in de- 
grees, mintUes, and seconds. 
Find the sine, tangent, &c. corresponding to the given degree and 

Sinute, and also that answering to.the next greater minute; multiply 
e difference between them by the given number of seconds, and divide 
the product by 60 ; then the quotient added to the sine, tangent, &c. of 
tbe given degree and minute, or subtracted from the cosine, cotangent^ 
&C. will give the quantity required nearly. 

Ex. Required the log. sine of 23f>. 27' 40". 

Log. sin. 230 27' 9.599627 

23 28 9.600118 

Difference 291 

which multtpliedby 40, and divided by JO, rives 194, and this added to 
9.599827 gives the required logarithm 9.600021. 

2. To find the degrees and minutes answering to any given logarithmic 
sine, tangent, &c. 

Find the nearest log. to that given In the proper column: if the title 
be at the top of the column, you have the number of degrees at the top 
of the page, and the minutes in the column on the left hand ; but should 
the title be at the bottom of the column, you have the degrees at the hot- 
tom of the page, and the minutes in the column on the right hand. If 
the given log. seems to belong to the odd minutes, proceed as directed 
Art 2. Table I. Thus log. sin. 9.457584 answers to 160. 40'. Log. tan. 
10.535401 answers t« 730. 45'. But if the seconds in the arc are also re- 
quired, we seek in the proper column for the logarithm which is next 
less than the given one, when the logs, in the column are increasing : 
but next greater, when they are decreasing, and take the degrees and 
minutes corresponding to that logarithm for the degrees and. minutes in 
^he required arc Then to the difference between the logarithm so found 
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•nd the given log. we annex two ciphers, and divide the retnlt hj -^ 

of the difference between the next less and next greater log. ; and the 
quotient is the seconds to be added to the degrees and minutes before 
taken out 

£x. Required the degrees, minutes, and seconds corresponding to the 
log. sin. 9.6U3OT. 

The sin. 25o. 58^. is 9.641324 which is the log. next less than the given 
one. The difference of these two logs, is 33, which by adding two ciphers 

ML 

becomes 8300, and this divided by ^ of 260, or by 433, gives 8 nearly for 

the number of seconds : .*. required are Is 2S0. 58'. 8". 
When the arc is small, a particular process is necessary as follows :— 

ToJInd the log. sine of a stncUl arc less than 3**. 

A(j(d 4.685.')75 to the common l(^. of the arc reduced to seconds ; firem 
the sum subtract one-third of the 1<^. secant less radius of the arc, and 
the remainder will be the required log. sine. 

To find the log. tangent of a small arc. 

Add together the common log. of the arc, reduced to seconds, % of the 
log. secant less radius of the arc, and 4.685575 ; and the sum will be the 
required tangent We have hence the following rules for peiforming 
the reverse operations :— 

To find a small arc whose log. sine is given. 

To ^ of the log. secant of the arc in the Table, whose log. sine most 
nearly corresponds with the given log. sine, add the given log. sine, and 
5.314125, and the sum will be the common log. of the second in the re- 
quired arc 

To find a small arc when its log^tangent is given. 

To the log. tangent add 5.314425, and from the sum subtract % of the 
log. secant of the arc in the Table, whose tan^cent most nearly agreea 
with the given tangent ; and the remainder will be the log. of tte se- 
conds in the required arc, 

Ex. 1. Required the log. sine of lo. 28'. IS'', or the log. ooeine of 88*. 
SI'. *7". 

is. 28'. IS" = 6893" ..........^.. log: a783702 

Ck>nstant No. .....».«...•••••. 4.685575 

a400e77 
% log. secant lo. 28' „»„„^-^„ sub. .0000^ 

10. 28'. IS", log. sine .................... 8.400830 

Mx. i. Required the arc to the log. sine 7.963214. 

)^ log. sec 0*. 32' .....M.......M.M 000006 

7.963214 
Constant Na ...................... 5.314425 



M.aBO^ ••••••••••••••••••*••••••••••• iOg. 3.j»7i049 

Whence tiie required arc is 31'. 35" 

Hence the arc to log. cotine 7.963214 is 88». 88'. 25". 



FINIS, 



ERRATA. 

Tzig^ 16. line 3. for Youn^** read Yonng. 

P. i2l. L 26. This teriea is the same as the last, the higher powm of 

beinflr neglected. 
P. 22. 1. 7. fory ready (= equation of the centre.) 
P. M. I. ft. for A -I- S As 4- B + S B« + C + S C« +&C read A X S A 

t. B X S Rs + C X SCs -I- &f. 
'^. I. 3. for spheriod read spheroid. 
P. 88. 1. 15. for with read of. 

P. 107. March 7, reidU. U: April li, readO. U; Jane 18, readO. 81 
P. 147. In some copies the Figure has been inverted by mistake. 
P. 16;). 1. 20. for .4W24948 read .43*3»«a 
P. 17ft. 1. 21. f.>r mix. read rain. 

P. 2fti. I. 26. for 2^ X W*— Wr« ; read2g X W# = Wt«. 
P. 273. 1. 1 1. for Berege read Barege. 
P. 302. Art. Thermometer, for Centrigrade read Centigrade. 



J>urkam: PriiUed b^ Pramcit HtwMe. 
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